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INTRODUCTION
The o r ig in a l  problem  was th e  in v e s t ig a t io n  o f  th e  
exchange r e a c t io n  (v id e  ( 3 ) )•
T h is  t h e s i s  f a l l s  in to  th r ee  p a r ts
(1 )  On B isa r y lsu lp h o n y l p rop an es.
(2 )  The M ic r o -e s t im a tio n  o f  Sulphur and H alogen in  
O rganic Compounds.
( 3 ) A Q u a n tita t iv e  I n v e s t ig a t io n  o f  th e  Exchange 
R e a c t io n : -
The su lp h o n y l propan es were in v e s t ig a t e d  b eca u se  more 
o f  them appeared t o e x i s t  than cou ld  be accou n ted  fo r  on th e  
u su a l t h e o r ie s  o f  isom erism . I t  was th ou gh t th a t  th e  
anomaly m ight be e x p la in e d  on th e  b a s i s  o f  th e  m o b ility  
o f  th e  su lp h o n y l group. I t  i s  shown below  th a t  t h i s  i s  n o t
th e  c a s e . T h eir  isom erism  i s  to  be tr a c e d  to  q u ite  a
d i f f e r e n t  c a u se , (v id e  ( 1 ) ) .
R etu rn in g  to  th e  o r ig in a l  problem  o f  r a d ic a l  exchange
i t  was e v id e n t  th a t  no q u a n t i ta t iv e  id e a  o f  th e  exchange  
cou ld  be deduced from se p a r a t in g  th e  p ro d u cts  o f  th e  r e a c t ­
io n  a s th ey  were to o  s im ila r  in  p r o p e r t ie s  to  be sep a ra ted  
w ith o u t s e r io u s  l o s s .  A cco rd in g ly  i t  was d e c id ed  to  
in v e s t ig a t e  th e  c o m p etit io n  o f  two r a d ic a ls  c o n ta in in g  
such c h a r a c t e r i s t i c  groups a s cou ld  r e a d ily  b e  e s tim a te d  in  
th e  m ixed f i n a l  p r o d u c t. Thus i f ,  in  th e  above e q u a tio n ,
R80oSMe
■» RSO qGHCOCH 2 + RSOqH 
SMe 5 *
■%
ch i or ophenyl su lp h o n y l a c e to n e , (ClC^H^SOgCI^COCHj) r e a c t s  
w ith  m eth yl p .to lu e n e th io ls u lp h o n a te  ( GHjC^H^SC^SMe) 
th e  p rod u ct w i l l  h e  e i t h e r  p .to ly ls u lp h o n y lm e th y l-  
th io a c e to n e
CHjC^SOgQHCOCHj
or if-c h lo r o p h e n y l-
su lp h o n y lm e th y lth io a c e to n e
ClC^SOgCHCOCJH^
or more p roh ah ly  a
m ixtu re  o f  th e  two*
A r e a c t io n  o f  th e  above ty p e  g oes p r a c t i c a l l y  t o  
c o m p letio n  so  f a r  as th e  s u b s t i t u t io n  o f  th e  m e th y lth io  
grou p in g  i s  con cern ed  and so  i t  i s  e v id e n t  th a t  an e s t im a t ­
io n  o f  th e  h a lo g en  c o n te n t w i l l  in d ic a t e  th e  p e r c e n ta g e  
com p osition  o f  th e  m ixed p r o d u c t. A cco rd in g ly  th e  d e v e lo p ­
ment and d e t a i le d  t e s t i n g  o f  a ra p id  and a c c u r a te  m icro  
method f o r  th e  e s t im a t io n  o f  c h lo r in e  and su lp h u r  had t o  b e  
undertak en  (v id e  ( 2 ) ) .
The a p p l ic a t io n  o f  t h i s  a n a ly t i c a l  p roced u re  t o  th e  
exchange r e a c t io n  betw een  ^ -c h lo r o p h e n y lsu lp h o n y la c e to n e  and 
m eth yl p . to lu e n e  t h i o l  su lp h o n a te  h as b een  worked ou t in  
d e t a i l  (v id e  ( 5 ) ) .
ON BISARYLSULPHONYLPROPANES
THEORETICAL,
In  a ttem p tin g  to  p rep are ct/fy t r i  sp h en y lsu lp h o n y l propane 
from sodium benzene su lp h in a te  and p h en y l dibrom opropyl s u l -  
p h one, O tto (1 )  i s o l a t e d  a b isp h e n y l compound, m .p. 101? 





2N*a0o0tff  . c 5Hg(ao2c 6H5 ) 2
(XX P henyl Compound)
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( C 6H 5 S0 2 ) 2 CH2 , .GgH5 I  >
CgH^S02CHS02C^H^
(•c-c* Compound)
For th e  pu rp ose  o f  r e fe r e n c e  t h i s  compound i s  d e s ig n a te d  
th e  ”XX p h en y l compound” . As i t  was d i s t i n c t  from  th e  known 
and ocj’ b is p h e n y l su lp h o n y l p ro p a n es , O tto  t e n t a t iv e l y  
su g g e s te d  ( 2 ) th a t  i t  m ight be a s t e r e o - is o m e r ic  
d isc o v e r e d  a co rresp o n d in g  p - t o l y l  d e r iv a t iv e  a ls o  (XX t o l y j  
and T roeger and Artmann ( 5 ) who i s o l a t e d  a t h ir d  ”B is -  
n a p h th y lsu lp h o n y lp ro p a n e” (XX n a p h th y l)  a c ce p ted  h i s  e x p la n -
a t io n .  A s, however th e  m o b il ity  o f  th e  su lp h o n y l group 
(if) in tr o d u ce d  new f a c t o r s ,  th e  XX compounds were re-exam ­
ined*
The f i r s t  s t r i k i n g  p o in t  was th a t  O tto  had o n ly  con­
s id e r e d  two s t r u c t u r a l  p o s s i b i l i t i e s  f o r  b is p h e n y ls u lp h o n y l-  
propane i ct-fi and«*y: w h ereas, in  f a c t  th e r e  were fo u r . The 
o th e r s  a r e : -
b isp h e n y l su lp h o n y l propane w hich was p rep ared  by  
S h rin er  S tru ck  and J o r is o n  ( 5 ) and had a m*p* 1 8 1 -1 8 2 °
and
ococ b is p h e n y ls u lp h o n y l p rop an e, h i t h e r t o  unknown w hich  
was p rep ared  ( a )  b y  c o n d e n sa tio n  o f  form ald eh yde and p h en y l  
m ereaptan fo llo w e d  b y  o x id a t io n  and th en  e t h y la t io n  and (b )  
by c o n d e n sa tio n  o f  p ro p io n a ld eh y d e  and p h en y l m ereaptan ( 6 ) 
and su b seq u en t o x id a tio n *  I t  was found th a t  th e  compound had  
a m .p. 97- 5*8 °  b u t i t  gave a d i s t i n c t  d e p r e s s io n  o f  m e lt in g
p o in t  when m ixed w ith  th e  **XX p h en y l compound*1.
The p o s s i b i l i t y  th a t  th e  compound was b is p h e n y ls u l­
p h onyl e th a n e  was th en  c o n s id e r e d . T h is  su b sta n c e  had a 
m e lt in g  p o in t  o f  1 0 1 ° . When m ixed w ith  th e  **XX p h en y l com- 
pound'* th e  m e lt in g  p o in t  was d i s t i n c t l y  d e p r e s se d .
CH*
I 5
OH Cso^}6h 5) 2
The n ex t p o s s i b i l i t y  to  be c o n s id e r e d  was th a t  th e
m o lecu la r  w eigh t o f  some one o f  th e s e  compounds was n o t
s im p le , b u t d ir e c t  d e te r m in a tio n  showed t h i s  was n o t c o r r e c t .
Now S t u f f e r  showed ( 7 ) th a t  w h ile  d is u lp h o n e s  are  
r e a d i ly  hydrolysed<*jr and M a r e  n o t .  As th e  HXX p h en y l com-
pound” was r e a d i ly  a tta c k e d  by a l k a l i  t h i s  su g g e s te d  th a t  i t  
m ight be a d i f f i c u l t l y  se p a r a b le  m ixtu re  o f  oc/3 b is p h e n y l-  
su lp h on ylp rop an e w ith  one or more o th e r  su lp h o n es, b u t t h i s  
s u g g e s t io n  must a l s o  be  r e j e c t e d  fo r  th e  HXX phenyl compound” 
was d i s t i n c t l y  l e s s  v o l a t i l e  in  a vacuum than b is p h e n y l-
su lp h on ylp rop an e and was th e  o n ly  one o f  a l l  th e se  phenyl 
d e r iv a t iv e s  to  be o x id is e d  by c o ld  perm anganate. M oreover, 
an a r t i f i c i a l  m ixtu re  o f  t h e a n d  ocjf compounds was r e a d i ly  
se p a r a te d  by c r y s t a l l i s a t i o n .
M eanwhile th e  m e lt in g  p o in t  o f  a sto p p ered  specim en o f  
the ”XX p h en yl compound” was found to  have r is e n  from 101° to  
123° ,  and was not d e p r e sse d  by adm ixture w ith  th e  * c y  d i -  
su lp h o n e . Such a change i s  by no means unknown in  su lphur  
c h e m is tr y , exam ples b e in g  g iv e n  in  the work o f  Kenyon and 
P h i l l i p s  ( 8 ) ,  Fromm and Palma (9)> and H ild itc h  ( 10 ) • T his  
o b s e r v a t io n  in c id e n t a l ly  e lim in a te d  any p o s s i b i l i t y  o f  
u n sa tu r a te d  or cy c lo -p ro p a n e  su lp h on es b ecau se  in  com parison  
to  b is ,su lp h o n y l p rop an es, th ey  are  two hydrogen atoms sh o rt  
and w h atever  change o ccu rred  in  th e  s to p p ered  b o t t l e  ab­
so r p t io n  o f  hydrogen n e c e ss a r y  to  form th e  y b is p h e n y l-  
su lp h o n y l propane from th e  cy c lo -p ro p a n e  su lphone can c e r ta in  
- l y  b e  e x c lu d e d .
T h is m e lt in g  p o in t  change phenomenon r e c a l le d  th a t  ob serv ­
ed  b y  Kenyon and P h i l l i p s  o f  th e  sp ontan eou s change o f  p h en y l-
CH2S020gH5 CHSOjjCgH
ch 2 h 9 ch
m eth y lca r b in y l p - to lu e n e  su lp h in a te  in to  th e  corresp on d ­
in g  p - t o ly ls u lp h o n e ,  and su p p orted  the id e a  th a t  O tto ’ s  
compound i s : -
CHrtSOrt(VHr- CHoS0rt0H_ H H2 2°6 5 2 2C 5 CgH5 CgH^
.  /  X  /CH„ -------- > CH ' 0   *  /C
I I /  \  /  \
CH20S.0C^Hr CH2s 0 2°^H5 c h * os.oo^ h ^  ch^ s o 2c
1 0 1 °  125 °
(O tto )  (K .and P.)
T h is was confirm ed  bjr an e x te n s io n  o f  T r o eg e r ’s work.
By th e  a c t io n  o f  sodium b e n z e n e -su lp h in a te  onoc( /S n ap h th y l-
su lp h o n y l) ft y dibrom opropane he o b ta in ed  what he regard ed
a s  .c ( /5 n a p h th y l  su lp h o n y l) /$ p h en y l su lp h o n y l-p ro p a n e , b u t
as a compound, which had th e  same m e lt in g  p o in t  ( l 2J ° ) ,a n d
which gave no d e p r e s s io n  on m ix in g  w ith  T roegerf s  compound,
was p rep ared  from sodium -n a p h th a len e  su lp h in a te  and
oc p h e n y l  su lp h o n y l-  /iy  dibrom opropane, th e re  seem s no doubt
t h a t  th e  s u b s t i t u e n t s  must b e  in  th e  term in a l p o s i t io n s
CH^Br ^ 2^  2  ^10^7 CHgBr
CHBr _HaS02C6H , CH NaSOgC qH CHBr
I ( T r o e g e ? )  I 2  ( D . w l C . ?  I
CH2S02C10H  ^ CH2S02C^H5 CH2S02C^H5
A ttem pts to  p rep are  th e  **XX p h en y l compound and th e
a n a logou s p . t o l y l  and p> nap h th y l compounds in  o th e r  ways 
gave e n t i r e l y  n e g a t iv e  r e s u l t s .  The fo l lo w in g  paragraphs  
in d ic a t e  th e  v a r io u s  a ttem p ts and th e  a c tu a l p ro d u cts  
i s o l a t e d .  Those form ulae p r in te d  in  red  show th e  r e a c t io n  
a n t ic ip a t e d  w h ile  th o s e  in  b lu e  show what was a c t u a l ly
o b ta in e d .
(1 )  The a d d it io n  o f  m ereaptan to  an u n sa tu ra te d  compound
( c . f .  P osner (1 1 ) :  Ruhemann (1 2 )  ) .  A l ly l  p h en yl
su lp h on e r e a c te d  d i r e c t ly  w ith  p h en y l m ereaptan to
g iv e  on o x id a t io n  b isp h e n y l su lp h o n y l propan e.
CHqS0oC^H_ 0Ho CHoO.SO.C^H^
I 5 C,HkSH |j 2 (VHkSH I 2 6 5
OH g < £ -5 -------- CH - S - 2 -----*  oh 2
I and o x id is e  I and o x id is e  I
ch2so2C£H5 ch2so2c^h5 ch2so2c^h5
(2 )  S i lv e r  b en zen e su lp h in a te  ( in s t e a d  o f  sodium benzene  
s u lp h in a te )  gave : -
QHr>Br
f
No r e a c t io n  AgOS.OC^Hg CH2 %S*
CH2Br
C H gO .S.O C ^
2
CH2I  CH2O.S.OCgH5
O il ^AgOSOCgH^ . CH2 p0
ch2i
I t  w ould have been  in t e r e s t in g  to  have tr e a te d  ocbromo
y p h en yl su lp h o n y l propane w ith  s i l v e r  benzene su lp h in a te  but
a ttem p ts to  p rep are  th e  form er compound by r e d u c tio n  o f  the




CH_ CH0Br >7 I
I 5 ( 2 X  C H U S O p C fc H
CH„ , NaAsOo CHBr NaAs0o 3
I 2 ^---------8---- I \  CH,
CHpSO-CrH, CHoSOoC^H,. X  1^ 2 6 5  2 2 6 5  ^  CHBr
I
CH2302C6H5
( 5 ) The a d d it io n  o f  benzene s u lp h in y l c h lo r id e  to  t r i ­
m ethylene g ly c o l  : -
CHo0H CHo0S0CrHc
1 I 5
Compound M .P. k-7 C^H.-SOCl CHg CgH^OCl CH2
CHgOH CHgOSOCgHg
(if) The a d d it io n  o f  benzene su lp h in y l c h lo r id e  to  h yd roxy-  
p r o p y l p h en yl su lphone
ch 2oh CH20S0CgH
C6H5S - SG6H5 ftHpBOCl ch 2 OgH^SOOl  ^ ch 2
CH2S0 2C6H5 CH2S02C6H5
(5 )  The a d d it io n  o f  benzene su lp h o n y l c h lo r id e  to  h yd roxy- 
p ro p y l p h en y l su lp h on e s -
CHgOH CH20 S0 2CgHj.
O il C/-HcSO„Cl CH0 C^HcSOoCl CH„
<; ° 5 - 2  | 2 o 5 2 y  | 2
CHgSOgCgHjj CH2S02CgH




C^H^SOgSC^H  ^ C-^ H SOgH OH C ^SO gH  CH2
CH2S0207H CHgSOgC^Hjr
m
(7 )  M e t h y l n a p h t h y l  su lp h in a te  (MeO.SO.N) and tr im e th y le n e  
g ly c o l
No r e a c t io n  CHgOH CH20S0C,jqH^
•  [ \
The p . t o l y l  and naphthyl "XX compounds”were more
r e s i s t a n t  to  c o n v e r s io n  in to  th e  corresp on d in g  tr im e th y le n e
* ** d e r iv a t iv e s  than  th e  XX p h en yl compound. Pure MXX p h en yl
compound** was h ea ted  to  200° w ith o u t c o n v ersio n  h u t the
i
s l i g h e s t  tr a c e  o f  b isp h e n y l-su lp h o n y l propane caused  
rap id  co n v e rs io n  o f  th e  mass a t  1 2 0 ° . A l l  th e s e  compounds 
in c lu d in g  the ,f( /5 n a p h th y lsu lp h o n y l) p h en y l-su lp h o n y  Ip ropane** 
ty p e  were e a s i l y  h y d ro ly sed  and o x id is e d  w ith  a c id  permang­
a n a te . 8 f  the fo u r  normal ty p e s  o n ly  th e  dip was h y d ro ly sed  
and th ey  were a l l  u n a f fe c te d  hy such o x id a t io n  c o n d it io n s .  
T h is i s  in  agreem ent w ith  th e  s ta te m en ts  o f  O tto  and Damkohler 
( 15 ) and S t u f f e r  ( s e e  a b o v e ) .
N e ith e r  the compounds o f  the XX ty p e  nor any o f  the normal 
typ e  gave a b lu e  c o lo u r a t io n  on warming w ith  a n is o le  and s u l ­
p h u r ic  a c id  or a y e llo w  c o lo u r  w ith  ch loroform  and t e t r a  n i t r o  
m ethane. I t  would appear from t h i s  th a t  a s u lp h in ic  grouping  
was n ot p r e se n t  b u t such n e g a t iv e  t e s t s  cou ld  not be regarded  
as a b s o lu te .  Furtherm ore the a c t io n  o f  th e  s o lv e n t  may have  
caused  a tem porary change in  s tr u c tu r e  o f  th e  m o lec u le s  o f  th e  
XX compound.
MICRODETERMINATION OP SULPHUR AND HALOGEN IN ORGANIC COMPOUNDS
GENERAL
Two stan d ard  m ethods have h een  d e v e lo p ed  hy P r e g l fo r  th e  
m icro d eterm in a tio n  o f  su lp h u r and h a lo g en  in  o rg a n ic  com­
pounds* S u b stan ces c o n ta in in g  carbon, hydrogen , and su lph ur  
o n ly , may h e  burned in  a tube in  a stream  o f  oxygen* The a c id  
vapours are c o l l e c t e d  in  w ater and d i r e c t ly  t i t r a t e d  a g a in s t  
stan dard  c a u s t ic  sod a . Compounds c o n ta in in g  h a lo g en  are  
s im i la r ly  com busted b u t th e  r e s u l t a n t  vapours are  c o l l e c t e d  in  
s tr o n g ly  a lk a l in e  sodium b i s u lp h i t e  s o lu t io n .  The h a lo g e n  i s  
e x tr a c te d  in  th e  form o f  i t s  s i l v e r  s a l t ,  c o l l e c t e d  and w eigh­
ed on a m icro b a lan ce*
P ig* 1 •
F ig u re  1 r e p r e se n ts  th e  P re g l a p p a ra tu s. S in ce  no M icro  
B alance was a v a i la b le  fo r  th e  work d e sc r ib e d  b e low  an a ssa y  
b a la n ce  cap ab le  o f  ta k in g  a maximum lo a d  o f  2 gms and w eigh in g  
t o  *01 mg. was u s e d . I t  was th e r e fo r e  im p o ss ib le  to  w eigh  
p r e c i p i t a t e s  and ex p erim en ts were made w ith  a v iew  to  a m odify­
in g  P r e g l ’ s  method fo r  h a lo g en  so  th a t  th e  h a l id e  cou ld  be  
determ ined  v o lu m e tr ic a l ly .
These exp er im en ts are record ed  in  p a g es 31+.-37 and th e  
r e s u l t s  are summarised in  th e  fo l lo w in g  ta b le *  The amount 
o f  m a te r ia l r e q u ir e d  i s  5"7 &nA th e  tim e fo r  com bustion ,
45 m inutes* A com p lete  e s t im a t io n  ta k e s  1^ h o u rs .
TABLE I  





N /50 AgNOz 
t i t r a t i o n ^
c . c .




: GlCgH^SOgCHgCOCHj 5.11  








1 5 .5  ;
ClCgHjjSOgSCgH^Cl * 1 .8 if 2 2 . if 22*3 s






2 if.7  j
: G1GgHjfS02GH2 (3Me) 6 .1 8 1 .5 0 H .9 1 5 .0  :
: o-ClCgH^CJHNOH : 5 .8 5  : 1 .8 9  : 2 J .0  : 2 2 .8  :• * • • • • «• • • • • f






i^ 8 . 3  :
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N /50 AgNO* 
t i t r a t i o n
P er ce n ta g e  H alogen  
Pound . R eq u ires
5*7^ 1.92 : 56.5 . 56 .4  .
6.17 5*15 i 56 .2  ;
7 .97 1 . 4-3 28.7 ; 29.5 i






T h is method o f  h a lo g en  e s t im a t io n , w h ile  in  i t s e l f  s a t i s ­
f a c t o r y ,  was n o t  adequate f o r  th e  purpose o f  a n a ly s in g  th e  
exchange r e a c t io n  ( s e e  p .  19 ) •  A p r o c e s s  w hich co u ld  a ls o  
g iv e  th e  t o t a l  a c id i t y  ( th a t  i s ,  su lp h u r  p lu s  h a lo g e n )  would  
h e advantageous b e c a u se  i t  would to  some e x te n t  check th a t  one
was d e a l in g  w ith  a pu re p rod u ct o f  th e  ty p e  R.SOgCH COCH* aud
SMe '
n o t w ith  a p rod u ct con tam in ated  w ith  such su b s ta n c e s  as th e  
s t a r t in g  m a te r ia ls  (RS02CH2C0CHj  and RSC^SMe) which have
c o n s id e r a b ly  d i f f e r e n t  su lp h u r  v a lu e s .
I t  i s  e v id e n t  th a t  any p r o c e s s  w hich u s e s  a  r e l a t i v e l y  
la r g e  q u a n tity  o f  su lp h u r  in  th e  ab so rb in g  medium cannot be 
ex ten d ed  to  th e  e s t im a t io n  o f  su lp h u r  in  th e  p ro d u cts  o f  
com bustion.O n the other hand some reducing agent is necessary 
to  ensure th a t  a l l  the halogen is in the form of halide
b e fo r e  i t  i s  e s t im a te d  by s i l v e r  n i t r a t e  t i t r a t i o n  (Volhard(5)p).
In  th e  f i r s t  exp erim en ts th e  t o t a l  acid ityfH gSO ^ , H2SV  
HC1, HC10) was e s t im a te d  by c o l l e c t i o n  o f  th e  g a se s  in  w ater  
and su b se q u e n tly  t i t r a t i n g  w ith  stan dard  sodium carb onate  
s o lu t io n .  The n e u t r a l is e d  l iq u id  was th en  t i t r a t e d  w ith  
s i l v e r  n i t r a t e .  I t  was hoped th a t  th e  amount o f  su lp h u r  
-o u s a c id  form ed would s e r v e  to  reduce th e  t r a c e s  o f  hypo-  
ch lo ro u s a c id  and so  g iv e  a c o r r e c t  h a l id e  d e te r m in a tio n .T h is  
was a b s o lu t e ly  u n s a t i s f a c t o r y .
F urth er  exp erim en ts were made in  w hich th e  g a se s  were  
trapped  in  pure w ater a s above and th e  t o t a l  a c id i t y  d eterm in  
-e d  by t i t r a t i o n *  The n e u t r a l is e d  l iq u i d  was th en  red uced  
w ith  a lk a l in e  b i s u lp h i t e  and t i t r a t e d  w ith  s i l v e r  n i t r a t e .
T h is was a l s o  shown to  be u n r e l ia b le  even  in  com p lete  
ab sen ce  o f  c h lo r in e .  In  th e  procedure recommended (p .lf5 ) th e  
g a se s  were c o l l e c t e d  in  e x c e s s  stan d ard  sodium carb on ate  
s o lu t io n  and the t o t a l  a c id i t y  d eterm in ed  by back t i t r a t i o n ,  
w ith  s u lp h u r ic  a c id .  Any h y p o c h lo r ite  was reduced  by th e  
a d d it io n  o f  hydrogen p e r o x id e  b e fo r e  t i t r a t i o n  ( l i f ) .
C l2 + H20 —* HC10 + H '+ Cl
HCXO + H202 —  + Cl + H20 + 02
2C102 + H202 —>• 2HC102 + 02
HC102 + 2H202 —?• H + Cl + 2H20 + 202
The h a lid e  was d eterm in ed  by t i t r a t i o n  w ith  N/7 1  s i l v e r  
n i t r a t e  s o lu t io n  a c c o r d in g  to  th e  method o f  V olhard . Sulphur  
was th u s  o b ta in ed  by d i f f e r e n c e .
^- 7  m& th e  su b sta n c e  were r eq u ire d  and th e  a n a ly s is  
was com p leted  in  fo u r  h o u rs . The average  o f  Jif u n s e le c te d
a n a ly s e s  (shown b e lo w ) gave an e r r o r  o f  1 ^  fo r  su lp h u r and 
1 % f o r  c h lo r in e ,  th e  p e r c e n ta g e  e r r o r  b e in g  c a lc u la t e d  from  
th e  found v a lu e  r e l a t i v e  to  th e  r e q u ir e d  va lu e*  The e r r o r s  
were random, b e in g  b o th  p o s i t i v e  and n e g a tiv e *
A n a ly ses o f  brom ine compounds gave s im i la r ly  a c c u r a te  
r e s u l t s  w ith o u t any a l t e r a t io n  to  th e  f a c t o r  o f  th e  stan d ard  
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A QUANTITATIVE INVESTIGATION OP THE EXCHANGE REACTION
THEORETICAL*
I t  was o r ig i n a l l y  o b served  by G ibson (if) th a t  p h e n y ls u l-  
p h o n y la ceto n e  (P ) amd m ethyl p .to lu e n e th io ls u lp h o n a te  (T )y ie ld  
a m ixture o f  p h en y lsu lp h o n y l-m e th y lth io a c e to n e  and p . t o l y l  s u l -  
p h o n y l-m e th y lth io a c e to n e •
C/:Hcso 9 . chcoch,
6 5 2 aMe 5
g6H5S02*CH2COGH5 + OTjOgH^SOgSlie -----------------* and
(P ) (T) CHjC^SOg.OTCOCHj
I t  was fu r th e r  n o ted  th a t  i f  P were in  c o n s id e r a b le  e x c e s s  
th e  r e a c t io n  p rod u ct was s u b s t a n t ia l ly  p h en y lsu lp h o n y l-m eth y l 
th io a c e to n e :  on th e  o th e r  hand i f  T was in  e x c e s s ,  th e  r e ­
a c t io n  p rod u ct was s u b s t a n t ia l ly  p • to ly ls u lp h o n y l-m e th y lth io -  
aceton e*
The o th e r  p rod u ct o f  th e  r e a c t io n  was a m ixture o f  benzene  
s u lp h in lc  a c id  and p* to lu e n e  s u lp h in ic  acid*
Now i t  was im m ed ia te ly  e v id e n t  th a t  fo r  any q u a n t ita t iv e  
s tu d y , th e  p r o p e r t ie s  o f  th e  p h en y l d e r iv a t iv e s  were much to o  
s im ila r  to  th o se  o f  th e  co rresp o n d in g  p . t o l y l  d e r iv a t iv e s  to  
p erm it any d e d u ctio n  o f  t h e ir  r e l a t iv e  p r o p o r tio n s  in  a m ixture  
o f  th e  two*
A cco rd in g ly  o th e r  r a d ic a l s  were chosen
(a )  p .  t o l y l ,  and
if-me th oxy  t  o l  y  1 -  J -
P r e lim in a r y  ex p er im en ts showed th a t  lf -m e th o x y to ly l-5- s u l -
phonamide co u ld  "be se p a r a te d  from p . t o l y l  su lphonam ide “by 
f r a c t io n a l  c r y s t a l l i s a t i o n .  The in t e n t io n  was to  co n v ert th e  
m ixed s u lp h in ic  a c id s  to  su lph onam ides and u n d ertak e  a q u a n ti­
t a t i v e  s e p a r a t io n  o f  th e s e  two d e r iv a t i v e s .
A cco rd in g ly  th e  r e a c t io n  p .t o ly ls u lp h o n y la c e t o n e  w ith  e x ­
c e s s  m ethyl if -m e th o x y to lu e n e -J - th io lsu lp h o n a te  was exam ined and 
a ls o  th e  r e a c t io n  o f  ^ -m e th o x y to ly l-J -s u lp h o n y la c e to n e  w ith  
e x c e s s  m ethyl p .t o lu e n e  t h io ls u lp h o n a t e .  In  each  c a se  th e  r e ­
s u l t i n g  s u b s t i t u t e d  p rod u ct (RS0 2 CH(SMe)C0 CHj) corresp on d ed  
w ith  th e  r a d ic a l  w hich had b een  in  e x c e s s .
I t  was to  be e x p e c te d  th a t  i f  e i t h e r  r e a c t io n  were c a r r i ­
ed  ou t w ith  e q u im o le c u la r  p r o p o r t io n s , a m ixtu re  o f  p . t o l y l
s u lp h in ic  a c id  and lf .-m e th o x y to ly l-3 -s u lp h in ie  a c id  w ould be  
p rod u ced .
T h is , how ever, was n ever  t e s t e d  a s more prom ise was o f f e r ­
ed  by developm ent o f  th e  r e a c t io n : -
(b )  ^ -e h lo r o p h e n y lsu lp h o n y la c e to n e , and 
m ethyl p - t o lu e n e t h io l s u lp h o n a t e .
The id e a  w ith  t h e s e  l a t t e r  compounds was to  a l lo w  e q u i­
m o lecu la r  p r o p o r t io n s  o f  p—c h lo r o p h e n y lsu lp h o n y la c e to n e  and
m ethyl p .to lu e n e t h io ls u lp h o n a te  to  r e a c t  under th e  m i ld e s t
c o n d it io n s  and in v e s t ig a t e  th e  p er  cen t a g e ^ u lp h u r  and h a lo g e n
in  the r e a c t io n  p r o d u c t .
( s  = 2 7 . 1$  Cl = 1 5 . 0%)
C1C6HifS0 2CH2GOGH5 +  * and
c h 3W o 2 o t c o c h 5 i t
( s  = 29.653 ca  = 0*3)
ClCgH^SOgCjHCOCHj
I t  i s  to  be  n o ted  th a t  th e  p e r c e n ta g e  o f  su lp h u r i s  much
to o  s im i la r  to  se r v e  as more than  a c o n tr o l*
The p e r ce n ta g e  o f  c h lo r in e ,  on th e  o th e r  hand, g iv e s  a
measure o f  th e  p r o p o r t io n s  o f  I  and I I  in  th e  m ix t u r e  th a t
th e
i s  to  sa y , o f  th e  r e l a t i v e  su c c e s s  w ith  w hich p .t o ly l s u lp h o n y l  
r a d ic a l  has competed w ith  if .-ch lo ro p h en y lsu lp h o n y l• The re ­
s u l t s  o f  th e s e  a n a ly s e s  in d ic a t e  th a t  w ith  eq u in o lecra la r  pro­
p o r t io n s  o f  if -c h lo r o p h e n y lsu lp h o n y la c e to n e  and m ethyl p .t o lu e n e  
th io ls u lp h o n a te  e q u im o lecu la r  p r o p o r t io n s  o f  th e  s u b s t i t u t io n  
p ro d u cts  I  and I I  are form ed.
F in a l ly  th e r e  a re  a number o f  ex p erim en ts reco rd ed  in  
which e v id en ce  fo r  exchange was so u g h t .
RSO^Na + RSO^.CHCOCH, -------- > RSO9CHCOCH, I I I
* SMe ? SMe s
Only in  one ca se  was any p rod u ct or d e r iv a t iv e  o f  I I I  en ­
cou n tered .
X P S R I T A
1 ->
Q t '; ;r •. !■;v r .3- Tr;ptTQUYh PPOP AIMS
M eth y lene  d ip h e n y l  d i s u l p h id e  ( OyH^S)
P r e p a r e d  b y  c o n d e n s a t io n  o f  p h e n y l  m e re a p ta n  and fo rm a ld e ­
hyde (Baumann. ( 1 5 ) ) i -  fh e  p r e s e n c e  o f  h y d r o c h l o r i c  a c id  and
z in c  c h l o r i d e .  M .P t .  = ^ 8 °G » Y ie ld  85$ .
O x id a t io n  o f  m e th y len e  d ip h e n y l  d i s u l p h i d e .
O tto  & T ro g e r  ( 1 6 ) u s e d  chrom ic  a n h y d r id e  and g l a c i a l  
a c e t i c  f o r  t h e  o x i d a t i o n  and Baumann ( 1 j )  u s e d  a  i% p e rm an g an a te  
s o l u t i o n  b u t  i n  b o th  i n s t a n c e s  th e  y i e l d  was v e ry  p o o r .  An
a t te m p t  was made t o  m odify  t h e  method a s  f o l l o w s ! -
( 1 ) To 2 . 5  p e r  c e n t  p e rm an g an a te  s o l u t i o n  th e  e q u i v a l e n t  
q u a n t i t y  o f  s u l p h u r i c  a c i d  was added cc  PeI> 1©00 cc o f
s o l u t i o n ) .  T h is  was d i l u t e d  w i th  an e q u i v a l e n t  volume o f  
w a te r  and added  t o  th e  m e th y len e  d ip h e n y l  d i s u l p h i d e  i n  a
w i n c h e s t e r .  I t  was found  t h a t  th e  d i s u l p h i d e  would absorb*  a t
o r d i n a r y  t e m p e ra tu re *  much more th a n  t h e o r e t i c a l  pe rm an gana te  
so s l i g h t  e x c e s s  was added and t h e  r e a c t i o n  s to p p e d .  A l i t t l e  
s u lp h u r  d io x id e  was p a s s e d  i n t o  th e  h o t  s o l u t i o n  t o  c l e a r  th e  
f i n e r  p a r t i c l e s  o f  m anganese d i o x id e  and th e  s o l u t i o n  f i l t e r e d  
a t  th e  pump. Y i e l d - v e r y  p o o r .
( 2 ) O x id a t io n  was c a r r i e d  o u t  i n  i c e  c o ld  s o l u t i o n  w i th  
pe rm an g an a te  a s  i n  e x p e r im e n t  ( 1 ) b u t  th e  y i e l d  was n o t  any 
b e t t e r .
( 3 ) A s m a l l  amount o f  m e th y len e  d ip h e n y l  d i s u l p h i d e  was 
d i s s o l v e d  i n  a c e t i c  a c i d  and a l i t t l e  a c e t i c  a n h y d r id e  ad ded . A
s o l u t i o n  o f  h y d ro g e n  p e r o x id e  was added i n  s l i g h t  e x c e s s .T h e
m ixture was l e f t  s ta n d in g  fo r  s e v e r a l  days and th en  warmed fo r  
some h o u rs . Poor r e s u l t s .
(if) 1 .2  gm o f  m ethylene d ip h en y l d is u lp h id e  was d i s s o lv ­
ed  in  g la c i a l  a c e t i c  a c id  and a la r g e  e x c e s s  (10  gms) o f  ^ 2^2 
added. The s o lu t io n  was k ep t a t  lfO° fo r  € h o u r s . I t  was th en  
warmed to  65°* c o o le d , and th e  a c e t i c  a c id  e t c .  d i s t i l l e d  o f f  
in  vacuo .
R e c r y s t a l l i s e d  from w a ter . Y ie ld  t h e o r e t i c a l .  M.Pt = 12 0 ° . 
(R ecorded by O tto  (ab ove) a s  1 1 8 ° ) .  
aCoc B isp h en y lsu lp h o n y l p ropan e.
T h is was p rep ared  by th e  m o n o eth y la tio n  o f  m ethylene d i ­
p h en yl d isu lp h o n e  on th e  same p r in c ip le  as th e  m e th y la tio n  by  
S h r in e r , S truck  and J o r is o n  ( S- )  save th a t  i t  was n e c e ssa r y  
to  r e f lu x  lo n g e r  (if h o u r s ) . Y ie ld  = !f0$ M .Pt. s  97°C* F a ile d  
to  d ie t h y la t e  any a p p re c ia b le  q u a n tity  by t h i s  m ethod.
A lso  p rep ared  by co n d en sa tio n  o f  phenyl m ereaptan and p r o -  
p io n a ld eh y d e  (M ol. Wt. Found = 2lf7*5 C alc * 2Go)j  and su b se­
quent o x id a t io n  w ith  hydrogen p e r o x id e . F iv e  tim es t h e o r e t ic a l  
hydrogen p e r o x id e  was u se d , and, owing to  th e  d i f f i c u l t y  o f  
k eep in g  th e  s o lu t io n  t o  sm a ll b u lk  w ith  pure a c e t i c  a c id ,  a 
l i t t l e  a c e t i c  anhydride was added. Y ie ld  (from  a lc o h o l)  * 80 
-9 0 $  M.Pt ss 9 7 £ ° . Mixed w ith  th e  e t h y la t io n  product above, 
gave no d e p r e s s io n  o f  m e lt in g  p o in t .  M ol. Wt. Found as J25* 
C alc s  521f .
A ttem pted h y d r o ly s is  o f  cco cb isp h en y lsu lp h o n y l propan e.
H eated a t  100°  f o r  10 days w ith  s l i g h t  e x c e s s  o f  s tr o n g  
c a u s t ic  soda th e  whole o f  t h i s  compound was reco v ered  unchanged.
Sodium benzene su lp h in a te
P repared  by r e d u c tio n  o f  benzene su lp h on y l c h lo r id e  w ith  
a lk a l in e  s u lp h it e ,  i t  was p u r i f ie d  by r e c r y s t a l l i s a t i o n  from 
a lc o h o l •
O t t o ^  tfXX p h en yl Compound**. *
Prepared a c co r d in g  to  O tto ( I ) ? th e  f i n a l  s ta g e  o f  the  
s y n th e s is  r e s u lt e d  in  r a th e r  a poor y i e l d ,  *The fo l lo w in g  modi­
f i c a t i o n s  were a ttem p ted .
( 1 ) Magnesium carb on ate  was used  in s te a d  o f  c a u s t ic  soda  
and a s l i g h t  e x c e s s  o f  th e  carbonate was alw ays a llo w ed  to  r e ­
m ain. T h is  p rev en ted  th e  s o lu t io n  becom ing a c id  but a t  th e  
same tim e in tro d u ced  no a p p r e c ia b le  a l k a l i n i t y .  T h is method  
was u n s u c c e s s fu l .
( 2 )Dibromo p rop y l p h en yl su lphone was d is s o lv e d  in  a lc o h o l  
and th e  a p p ro p r ia te  q u a n t i t ie s  o f  su lp h in a te  and c a u s t ic  soda  
were m ixed and added s im u lta n e o u s ly  over th e  sp ace o f  th r e e  
d a y s. T h is  gave a y i e ld  = 55# o f  th e  compound M.Pt = 101 °C.
and a ls o  a 12#  y i e l d  o f  th e  tr is p h e n y ls u lp h o n y l propane.
H y d r o ly s is  o f  11XX p h en yl Compoundtf.
_ of
By h e a t in g  a t  100°C w ith  s l i g h t  e x c e s s  A aqueous sodium
h yd rox id e f o r  2 days d eco m p o sitio n  was o b ta in e d . The p o r t io n  
in s o lu b le  in  sodium h yd rox id e  was e x tr a c te d  w ith  e th e r  and t h i s  
e x tr a c t  was r e c r y s t a l l i s e d  from a lc o h o l .  The substance so  ob­
ta in e d  was o n ly  s l i g h t l y  s o lu b le  in  e th e r ,  very  so lu b le  in  
a lc o h o l and M.Pt = 160 -  17 0 °0 .
O x id a tio n  o f  WXX p h en y l Compound” .
T h is compound was r e a d i ly  o x id is e d  in  su lp h u r ic  a c id
s o lu t io n  by N perm anganate.
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B is-phenvlsu l-phonvlpronane.
Prepared a cco rd in g  to  O t t o ( l ) .  C r y s t a l l i s e d  from a lc o h o l ,
o ,r v om ,p.=115 • Mixed m .p .w ith  XX phenyl compound=8V. U n a ffec ted
by perm anganate. Sublim es in  vacuo w ith o u t d eco m p o sitio n .
B isp h e n y l su lphonylpropane
P repared  a ccord in g  to  O tto ( a b o v e ). C r y s t a l l i s e d  from  
a lc o h o l ,  m .p. = 1 2 7 -8 ° . Sublim es in  vacuo a t 200° w ith ou t de­
c o m p o sitio n . For mixed m .p. w ith  ”XX p h en yl compound”se e  belowi 
K xtrem ely s l i g h t  r e a c t io n  w ith  N perm anganate.
"So
i
/3/3 B isp h e n y l su lp h on y lp rop an e.
P repared  a cco rd in g  to  S h r in er , S truck  and J o r is o n (5 ) ;  and 
a ls o  by th e  c o n d en sa tio n  o f  a ceton e  and ph en yl m ereaptan  
(Baumann(6) ) ,a n d  su bseq uent o x id a t io n . M .Pt. = 18 1 ° . Mixed 
f c e lt in g  p o in t  w ith  th e  "XX phenyl compound11 =82f°*
/
<*<*B isp h e n y l su lp h o n y l e th a n e .
A ceta ld eh yd e and p h en yl m ereaptan were condensed in  th e
u su a l manner u s in g  h y d p c h lo r ic  a c id  and z in c  c h lo r id e . S o l id ,
o ,  .m .p. = . Baumann (ab ove) g iv e s  i t  as an o i l*  O x id ised  by
hydrogen p e r o x id e  in  g l a c i a l  a c e t i c  a c id  w ith  a l i t t l e  a c e t i c
an h yd rid e. W hite c r y s t a l l in e  s o l i d ,  m .p. « 101.-102°. Mixed
w ith  th e  "XX p h en yl compound” gave m .p. = 85° .
The ”XX p h en yl compound?
On ta k in g  m ixed mwpts. w ith  th e  tr im e th y le n e  and p rop y len e
compounds i t  was n o t ic e d  th a t  th e  m .p t. o f  th e  ”XX phenyl com­
pound” had a l t e r e d  to  122-122f°. F urther w h ile  a mixed m e ltin g
p o in t  w ith  th e  p rop y len e  compound gave a d e p r e ss io n  to  95° C,
w ith  th e  tr im e th y le n e  compound th e  mixed M.Pt was 125°( th a t  
p o in t  was
i s ,  th e  m e lt in g An o t d e p r e sse d ) .
A d d itio n  o f  b e n z e n e su lp h in y l c h lo r id e  to  tr im e th y len e  
g ly c o l  ( 2 2 ) (page 7 r e a c t io n  TT
The benzene su lp h in y l c h lo r id e , prepared  a cco rd in g  to  S m iles
e t c .  ( 2 5 )»was d is s o lv e d  in  e th e r  and s l i g h t l y  l e s s  than the
e q u iv a le n t  q u a n tity  o f  g ly c o l  in  e th e r  to g e th e r  w ith  anhydrous
p o ta ssiu m  carb on ate  added. T h is  was a llo w ed  to  stan d  fo r
s e v e r a l  days ( i n  d a r k ). T h is was e x tr a c te d  w ith  benzene and
washed w ith  w a te r . A very  sm all q u a n tity  o f  s o l i d  was o b ta in ed
from an o i l  a f t e r  i t  had been  r e p e a te d ly  washed w ith  v a r io u s
s o lv e n t s  ( e t h e r ,  p e t  e th e r , b en zen e , a lc o h o l ,  m ethyl a lc o h o l
and c h lo ro fo r m ). I t  m elted , impure a t  if7°C.
A second attem p t was a b so lu te  f a i l u r e .  O ily  r e s id u e  s e t  to
c r y s t a l l i s e  in  v a r io u s  s o lv e n t s  gave n e g a t iv e  r e s u l t .
A d d itio n  o f  sodium benzene su lp h in a te  to  dibromo propylySnaphthyl 
su lp h o n e .
( 1 )  C arried  ou t a cco rd in g  to  th e  m o d ified  method o f  O tto ( p . 2 5 )
5
A fte r  s e p a r a t in g  w ith  w ater th e  p rodu ct was c r y s t a l l e d  from  
m ethyl a lc o h o l and p u r i f ie d  w ith  anim al c h a r c o a l. M.Pt » 125° 
(co rresp o n d s w ith  Troger and Artmann ( 3 ) ) .
H y d r o ly s is  w ith  c a u s t ic  soda was very  r a p id .
A d d itio n  o f  sodium /S n ap hth alen e su lp h in a te  to  dibromo 
p ro n y l phenvl su lp h o n e .
(2 )  C arried  ou t as above. Product c r y s t a l l i s e d  from m ethyl 
a lc o h o l gave y i e l d  (from  2 gms dibrom ide and 2 .5  gms sodium
above = 125° .
H y d r o ly s i s  w i th  sodium h y d ro x id e  was v e ry  r a p i d .
Compound was r e a d i l y  o x i d i s e d  by  p e rm a n g a n a te .
A d d i t io n  o f  p h e n y l  m e re a p ta n  t o  a l l y l  p h e n y l  s u lp h o n e .
( p . 7 r e a c t i o n  i )
E q u iv a le n t  q u a n t i t i e s  o f  t h e  two l i q u i d s  were l e f t  s t a n d ­
in g  f o r  G o  d a y s ,  mixed t o g e t h e r  i n  a t e s t  t u b e .  A f t e r  some 
o f
t im e  1 d rop  p i p e r i d i n e  was ad d ed . The p r o d u c t  was o x i d i s e d  
w i th  1% n e u t r a l  p e rm a n g an a te  and t h e  m anganese d io x id e  d e s t r o y ­
ed  w i th  s u lp h u r  d i o x i d e .  I t  was th e n  e x t r a c t e d  w i th  e t h e r  and 
th e  r e s u l t a n t  r e s i d u e  gave a  c r y s t a l l i n e  compound M .Pt = 12G* 
w hich was i d e n t i c a l  w i th  th e  t r im e t h y l e n e  p h e n y l  su lp h o n e  (M .Pt 
= 127-8"). Mixed M .Pt = 126°G.
A ttem p ted  p a r t i a l  r e d u c t i o n  o f  dlbrorooppop.vl su lp h o n e  s to  
M onohrom op ro pv lsu lp hon es .
CH Br OHpBr CH*
I d \ i 3
CHBr NaAsOo , OH,, o r  CHBr,  a-y , 2 (
GH2S02R GHgSOgR GHpSOgR
. 4 0 5 0  gm sodium a r s e n i t e  was d i s s o l v e d  i n  minimum w a te r
of
and added to  a  s o l u t i o n ^ . ^ 0 0  gm dibromo p r o p y l  p h e n y l  su lp h o n e
in  a l c o h o l  and r e f l u x e d  f o r  G h o u r s .  The o r g a n ic  p ro d u c t  was
z  't h e n  e x t r a c t e d  w i th  e t h e r  and t h e  s o l u t i o n  aqueous t i t r a t e d
a g a i n s t  N AgNO, : 1 8 . 1 5  cc  = .15  gnu B rom ine . ( by Volhard ')
TO ?
C a l c u l a t e d  f o r  one Br s= .08  gms.
C a lc u l a t e d  f o r  two Br = . 1G gms.
.4126  gms KaAsOg added  t o  . J 2 J 0  gms d lb ro m o p ro p v l  t o l y i
s u lp h o n e , ™
N AgNOz = 16#^5 cc = *1316 gms Bromine.
10 p
C a lc u la te d  fo r  one Br = .0 J gms 
C a lc u la te d  fo r  two Br = .15  gms
These exp erim en ts showed more than one "bromine atom was
e lim in a te d .
T rim eth y len e  "bromhydrin.
T h is was c a r r ie d  ou t accord in g  to  F ru h lin g  ( 24.) save  th a t  
in s te a d  o f  h e a t in g  w ith  hydrobrom ic a c id  a t 100°  in  a s e a le d  
tub e th e  s o lu t io n  was h e a ted  to  100°  and dry hydrobrom ic a c id  
c o n t in u a lly  p a sse d  through th e  s o lu t io n  fo r  fo u r  h o u rs .
T rim eth y len e brom hydrin and sodium benzene su lp h in a te  
(page 8 r e a c t io n  if J
T rim ethylen e brom hydrin was r e f lu x e d , in  a lc o h o l ic
s o lu t io n ,  w ith  sodium benzene su lp h in a te  fo r  s e v e r a l  d ays . I t
was th en  washed w ith  w a ter , e x tr a c te d  w ith  e th e r , d r ie d  w ith
anhydrous sodium su lp h a te  and d i s t i l l e d  up to  100°C in  vacuo
(w a ter  pump), F u rth er  a ttem p ts a t  d i s t i l l a t i o n  a t .6  ram r e -
o
s u i t e d  in  a l i t t l e  coming over a t about 220 to  g iv e  a c r y s t a l ­
l i n e  s o l i d .  I t  was not c o n s id e r e d  e x p e d ie n t ,fo r  our p u rp o ses,
t o  com p lete  th e  d i s t i l l a t i o n .
Benzene s u lu h in y l  c h lo r id e  and T rim ethylene benzene su lphon  
~ h y d r in  (page 8 , r e a c t io n  k- ) .
The above compounds were m ixed in  eq u im o lecu la r  q u a n t it ie s
in  e th e r e a l  s o lu t io n .  A fte r  s ta n d in g  some tim e th e  m ixture was
r e f lu x e d  f o r  s e v e r a l  hours on a w a terb a th .E v ery th in g  d i s t i l l a b l e
b elow  100°C a t  th e  water-pump was th en  rem oved. The
r e s id u a l  o i l  was d is s o lv e d  in  a lc o h o l,E v e n tu a lly  some phenyl
d is u lp h id e , m .p. = 61° ,  c r y s t a l l i s e d  o u t .
Benzene su lp h on y l c h lo r id e  and hydroxy p rop y l phenyl su lp h o n e .
( page 8 , r e a c t io n  5~
The benzene su lp h on y l c h lo r id e  was mixed w ith  th e  hydrin  
and th e  m ixture a llo w ed  to  stan d  fo r  s e v e r a l d a y s . A con­
c e n tr a te d  aqueous s o lu t io n  o f  th e  t h e o r e t ic a l  amount o f  sodium  
h yd roxid e was then  added. Much h ea t was e v o lv e d  and th e  m ixture  
s o l i d i f i e d .  T h is was added to  w ater and e x tr a c te d  w ith  
e th e r .  The o i l  o b ta in ed  on ev a p o ra tio n  o f  the e th e r  e x tr a c t  
was d is s o lv e d  in  a lc o h o l b u t f a i l e d  to  c r y s t a l l i s e .
T rim eth y len e  dibrom ide and s i l v e r  benzene su lp h in a te
( page 7 . r e a c t io n  2 . )
Dry s i l v e r  benzene s u lp h in a te , prepared  a cco rd in g  to  K a lle ,  
Rosenheim and S in g er  ( 2 5 ) was r e f lu x e d  in  e th e r e a l s o lu t io n  
w ith  th e  e q u iv a le n t  q u a n tity  o f  tr im e th y len e  brom ide fo r  ten  
d a y s ,th e  f l a s k  b e in g  exposed  to  th e  l i g h t  as l i t t l e  as p o s s ib le  
There was a b s o lu te ly  no r e a c t io n , th e  su lp h in a te  b e in g  reco v er ­
ed unchanged.
T h is l a t t e r  experim ent was rep ea ted  u s in g  tr im e th y len e  
io d id e ,  in s te a d  o f  th e  brom ide, and s i l v e r  to lu e n e  s u lp h in a te .
An o i l  was o b ta in e d .
y  B is  t o l y l  su lph onylpropan e  
O tto ( 1 ) .  Y ie ld  = 9 °$  ot  c r y s t a l s ,  m .p. = 1 2 5 -1 2 9 ° . ^
was n ot h y d ro ly sed  by c a u s t ic  sod a . The range 125- 1290 was 
v e ry  d e f i n i t e  and a ttem p ts a t f r a c t io n a l  c r y s t a l l i s a t i o n  f a i l ­
ed to  i s o l a t e  any second  compound. Some o f  th e  compound was 
exp osed  to  l i g h t  and an oth er p o r t io n  was h ea ted  fo r  s e v e r a l  days 
b u t in  n e ith e r  c a se  was th e r e  any change o f  m e lt in g  p o in t .
oc f i  B i s t o l y l  su lp h on y lp rop an e . *
As r e p o r te d  by O tto (ab ove) M.Pt 1 ifif- -  1 if8°. Mixed M.Pt 
w ith  XX t o ly l* «  125°
O tto '8—XX t o lv l  Coiirootmi  ^ » *
M.Pt a 15if°C. M olecu lar  w eig h t Pound a 551«5> 5^8*5
C a lc u la te d  552* H ydrolysed by sodium h y d ro x id e , o x id is e d  by 
a c id  permanganate and s c a r c e ly  su b lim es a t  200° a t  .6  mm.
T oluene s u lp h in ic  a c id .
T h is was p rep ared  by e x tr a c t in g  th e  p r e c ip i t a t e d  a c id  from  
aqueous s o lu t io n  w ith  e th e r ,  d ry in g  w ith  sodium s u lp h a te , and 
ev a p o r a tin g  th e  s o lu t io n  to  sm a ll b u lk . M e ltin g  p o in t ,  cry ­
s t a l l i s e d  from w ater a 86 -  90°C* From e th e r  a 92°C.
( s e e  Meyer (s a ) ( ) .
A l l y l t o l y l  su lph one and to lu e n e  s u lp h in ic  a c id  
(page 8 , r e a c t io n  6 )
These su b sta n c e s  were d is s o lv e d  in  eq u im olecu lar  p rop ort­
io n s  in  e th e r  and l e f t  fo r  s e v e r a l  d ays , but n o th in g  happened. 
They were th en  warmed a lon e  on th e  w aterbath  fo r  about an hour 
when an o i l  r e s u l t e d  Prom t h i s  o i l  in  a lc o h o l ic  s o lu t io n  
c r y s t a l s  were o b ta in e d  M.Pt a 75 -  75°C« These proved  to  be  
th e  d isu lp h o x ld e  ( C ^ a O g S O ^ ) .  M.Pt = 7J°0.
T rim eth y len e io d id e  and s i l v e r  benzene s u lp h in a te .
T rim eth y len e io d id e  was prepared  a cco rd in g  t o  th e  method 
o f  P erk in  ( 2 7 ) .
The io d id e  was r e f lu x e d  w ith  s i l v e r  benzene su lp h in a te
in  e th e r e a l  s o lu t io n .  The prod u ct was an o i l .  ( o f .  page 5 0 )
B ls -n a p h th y l su lp h on y lp rop an e . un­
p rep ared  a cco rd in g  t o  T roger and Artmann (2ff) had M .Pt a
o
1i*-5 • Sodium hyd roxid e d id  n o t h y d ro ly se  th e  su b s ta n c e . I t  
was u n a f fe c te d  by permanganate*
oLfi B is -n a p h th y lsu lp h o n v lp ro p a n e .
Y ie ld  65$  M.Pt a 125°* R ead ily  h y d ro ly sed  b u t n o t ox­
id i s e d .
XX nap h th yl compound. *
C arried  out in  th e  u su a l m o d ified  method (p a g e in ) .  Y ie ld  
kO% M.Pt a 157 0 . R ea d ily  h y d ro ly sed  by a lk a l i  and o x id is e d  
by perm anganate. Mixed m e lt in g  p o in t s  w ith  either«y^or«t^gave  
d e p r e ss io n s  o f  more than  20° .
M ethyl e th e r  o f  /% n ap h th yl s u lp h in ic  a c id .
T h is compound was p rep ared  by th e  method o f  O tto and 
R o ssin g  (2 *1) .  C r y s t a l l i s e s  in  la r g e  c lu s t e r s  o f  sm all c r y s t a l s  
M .Pt a 2f2f°. Y ie ld  J0%.
M ethyl e th e r  of/3  n ap hth yl s u lp h in ic  a c id  and tr im e th y len e  
g l y c o l .  ( page 8 r e a c t io n  7 ) .
E q u im olecu lar q u a n t i t ie s  were k ep t a t  about 50°G fo r  some 
days w ith o u t r e a c t io n ,  th e  p ro d u cts  b e in g  reco v ered  unchanged. 
On h e a t in g  t o  100°C th ere  was obviou s r e a c t io n  w ith  e f f e r v ­
e sc e n c e  and an o i l  in s o lu b le  in  w ater was o b ta in ed . T h is
s o l i d i f i e d  on s ta n d in g . The s o l i d  was proved  to  be  ^ naphthalene  
d isu lp h o x id e  (G10H^S02SC10H ^). M.Pt = 16 6 °
*With su lp h u r ic  a c id  and A n is o le .
*
The su b s ta n c e s  a s t e r is k e d  in  the p r e c e d in g  pages were 
t e s t e d  w ith  su lp h u r ic  a c id  and a n is o le ,  and a ls o  w ith  t e t r a  
n i t r o  m ethane.
T h is  su g g e s te d  th a t  th e  XX compounds were co n v erted  hy
H • 1
c o n c en tr a ted  su lp h u r ic  a c id  in to  -cy compounds. When th e  XX 
n ap hth yl compound was d is s o lv e d  in  co n cen tra ted  su lp h u r ic  
s l i g h t l y  warmed and r e p r e c ip it a t e d  hy d i lu t io n  w ith  w a ter , i t  
was r ec o v e r e d  unchanged.
ESTIMATION OF HALO PEN 
( P r e g l ’ s  proced ure adapted to  V o lu m etric )
( c . f .  Theory p . 10 )
The com bustion tube was th orou gh ly  washed out w ith  d i s ­
t i l l e d  w ater and p a r t KU ( s e e  diagram on back co v er ) d r ied  and 
th e  end UV a g a in  th orou gh ly  washed w ith  w a te r . 2 cc  o f  th e  
sodium carb on ate  s o lu t io n  and 2 drops o f  b i s u lp h i t e  s o lu t io n  
(p rep ared  as above) were p la c e d  in  a c le a n  t e s t  tu b e . The
n o z z le  o f  the com bustion tub e was p la c e d  in  t h i s  s o lu t io n  and 
th e  s o lu t io n  drawn by c o n tr o l le d  s u c t io n  u n t i l  th e  beads  
(U S) were th o ro u g h ly  m o isten ed .
The tube was p la c e d  on th e  s ta n d , th e  p la tin u m  c o n ta c ts  
e n te r e d  and th e  com bustion c a r r ie d  out a cco rd in g  t o  P r e g l.  The 
optimum sp eed  was about 18 b u b b les (o r  5 .5  c c )  p er  m inu te. A 
sp eed  o f  22 b u b b le s  p er  m inute would g iv e  p e r f e c t ly  s a t i s f a c t o r y  
r e s u l t s ,  p ro v id ed  g r e a te r  care  was tak en  in  th e  a c tu a l running  
o f  th e  com bustion , b u t a slow er  sp eed  was l i a b l e  to  r e s u l t  in  
th e  form ation  o f  m o istu re  a t th e  end (K )o f the com bustion tube  
The t e s t  tu b e w hich c o n ta in ed  the rem ainder o f  th e  sodium car­
bon a.t e - b i s u lp h i t e  s o lu t io n  which was used  to  m o isten  th e  beads 
was th en  em p tied  in t o  a c le a n  $0cc c o n ic a l  f la s k  and th e  s t i l l  
m o ist t e s t - t u b e  p la c e d  as a f i n a l  absorber over th e  end o f  th e  
tu b e .
When th e  com bustion was com pleted th e  tube was a llow ed  to  
c o o l in  th e  stream  o f  oxygen . T h is took  10-15  m in u tes . I t  was 
th en  d isc o n n e c te d  and th e  n o z z le  p la c e d  over th e  50° °  c o n ic a l
f l a s k  which c o n ta in ed  th e  su r p lu s  sodium carbonate s o lu t io n .  
10 cc  o f  d i s t i l l e d  w ater was q u ick ly  poured in to  the tub e from  
a m easuring c y lin d e r  and when t h i s  had d ra in ed  i t  was fu r th e r  
washed out w ith  3cc o f  w a te r . The n o z z le  was a ls o  c lea n ed  w ith  
a f in e  sp ray  o f  w a ter . A fte r  s ta n d in g  fo r  10 m inutes 2 drops 
o f  p erh yd ro l were added and th e  solrtteios. b o i le d  t o  e x p e l th e  
e x c e s s  hydrogen p e r o x id e . The s o lu t io n  was th en  a c id i f i e d  w ith  
2 cc  o f  8N n i t r i c  a c id  and s l i g h t  e x c e s s  o f  .012flN s i l v e r  n i ­
t r a t e  added. I t  i s  im portant th a t  a la r g e  e x c e s s  o f  s i l v e r  
n i t r a t e  sh ou ld  n o t be used  a s t h i s  in v a r ia b ly  r e s u l t e d  in  
o c c lu s io n  o f  s i l v e r  n i t r a t e  s o lu t io n  and co n seq u en tly  h ig h  
answers fo r  h a lo g e n . E x cess was avo ided  by adding .300  o f
s i l v e r  n i t r a t e  a t a tim e and sh ak in g  v ig o r o u s ly . C oagu la tion  
occu rred  ju s t  b e fo r e  th e  end p o in t  so  th a t  when one o b ta in ed  
c o a g u la t io n  one added an oth er drop o f  s i l v e r  n i t r a t e  s o lu t io n  
to  s e e  i f  th e r e  was any fu r th e r  p r e c ip i t a t io n .  The c h lo r id e  
was th en  f i l t e r e d  o f f ,  3 cc  ° f  f e r r i c  in d ic a to r  added, and
th e s o lu t io n  t i t r a t e d  w ith  .00705  N ammonium th io c y a n a te  
s o l t u io n  u n t i l  a f a i n t ,  perm anent, brown c o lo u r a t io n  was pro­
duced .
EXPERIMENTAL NOTES
on th e  
ESTIMATION OF HALOGEN 
I n d ic a t io n  o f  end-T>oint
(a )  W ithout in d ic a to r
A ttem pts were made to  determ ine th e  end p o in t  by ob serv ­
in g  th e  l a s t  tr a c e  o f  p r e c ip i t a t io n  o f  s i l v e r  h a l id e .  T h is  
d id  n o t a llo w  accuracy fo r  such sm all q u a n t it ie s  as were in ­
v o lv ed  in  th e  above t i t r a t i o n s .
(b ) P o tassiu m  chromate as in d ic a to r
A ccord in g  t o  F ajans and Frankeriburger (3o) th e  r e s u l t s  ob­
ta in e d  by th e  method o f  Mohr (3/ )  are u s u a l ly  h ig h . On the  
c o n tr a r y , r e s u l t s  o b ta in e d  by t h i s  method were low , probab ly  
due t o  th e  p r e se n c e  o f  o x y a c id s  o f  c h lo r in e . R eduction  o f  
th e se  w ith  magnesium gave s e r io u s ly  h igh  r e s u l t s  but t h i s  was 
tr a c e d  t o  im p u rity  in  th e  magnesium. A sharp en d -p o in t cou ld  
o n ly  b e  o b ta in ed  in  very  c o n cen tra ted  s o lu t io n s  and th e  r e s u l t  
was a ls o  very  s e n s i t i v e  to  pH f lu c t u a t io n s  ( l im i t  7—10»5 ) 
b rought about by im p e r fe c t  n e u t r a l is a t io n  b e fo r e  t i t r a t i o n  
w ith  s i l v e r  n i t r a t e .
( c )  Ammonium th io c y a n a te  and f e r r i c  alum as in d ic a to r .
T h is  had th e  g r e a t advantage th a t  th e  t i t r a t i o n  cou ld  be
c a r r ie d  ou t in  n i t r i c  a c id  s o lu t io n .  The end p o in t  a t  th e
above d i lu t io n  was p e r f e c t ly  d e f in i t e  p ro v id ed  th a t  on ly  a 
sm a ll e x c e s s  o f  s i l v e r  n i t r a t e  s o lu t io n  was u sed  and th a t  
the s i l v e r  c h lo r id e  p r e c ip i t a t e  was f i l t e r e d  o f f  (R o sa n o ff  
and H i l l  (3 ^ ) ) b e fo r e  back  t i t r a t i o n  w ith  th io c y a n a te .
P A R T  I I  
E stim a tio n  o f  H alogen and Su lphur,
Recommended P roced u re.
D e s c r ip t io n  o f  A pparatus.
The above diagram ( p .85) r e p r e se n ts  th e  apparatus as f i n a l l y  
d e v is e d  and u se d . I t  i s  c o n str u c ted  on a hoard , m easuring  
x  if11 x  5 /8 ” * made o f  cyprus wood. T his ty p e  o f  wood e lim in a te s  
th e  ten d en cy  th a t  such  a lo n g  and narrow s t r ip  would have to  
carp when s u b je c te d  to  h e a t .  The marked s e c t io n s  A (2 2 w) and
A* ( l 2f ft) on t h i s  hoard are coa ted  w ith  w h ite  rubber p a in t
and B (1 2 J H) w ith  a b la c k  h e a t - r e s i s t i n g  p a in t .  T h is a llo w s
th e  apparatu s to  be washed and co n seq u en tly  k ep t a b s o lu te ly  
c le a n .
Working from th e  r ig h t  to  the l e f t  o f  th e  diagram C i s  a 
p ie c e  o f  rubber tu b in g  o f  3/ 8 M th ic k n e ss  and bore 3/ 1 which 
i s  co n n ected  to  the f in e  adjustm ent v a lv e  o f  an oxygen c y lin d e r *  
T h is  tu b in g  i s  broken a t  D to  a llo w  the in s e r t io n  o f  a g la s s  T 
p ie c e  and th en  co n tin u ed  on to  th e  g la s s  tube em erging from B . 
To th e  o th e r  arm o f  th e  T -p ie c e  a s o f t  p ie c e  o f  rubber tu b in g  
i s  a tta c h e d  and i s  c lo s e d  by means o f  a screw  c l i p .  Thus, by 
a llo w in g  a s l i g h t  le a k  a t D, an even f in e r  adjustm ent o f  the  
oxygen stream  can be o b ta in ed .
In to  a s ix t e e n  ounce w ide necked b o t t l e  ( 80 mm d iam eter)  
which i s  f ir m ly  a tta ch ed  to  th e  b ase  by in s e r t in g  in to  a n e a t  
f i t t i n g  r in g ,  th e r e  i s  p la c e d  a tube o f  3^ b o r e . T h is i s
s a t i s f a c t o r i l y  f ix e d  in t o  p o s i t i o n  by means o f  two s t r ip s  o f
cork (P ) each  e q u iv a le n t  to  one th ir d  o f  th e  t o t a l  c ircu m fer­
e n c e . A sm a ll tub e (if m.m. b o r e ) ,  through which th e  stream  o f  
oxygen p a s s e s ,  runs down th e  c e n tr e  o f  t h i s  la r g e  tu b e . These 
two tu b es  are f i x e d  in  p o s i t io n  w ith  a g la s s  s e a l  a t E so  th a t  
th e  r e l a t i v e  p o s i t io n  o f  th e  tu b es can n o t v a r y . Thus the
p r e ssu r e  in s id e  i s  a t  no tim e a p p rec ia b ly  g r e a te r  than atmo­
s p h e r ic .  The la r g e r  tube i s  equipped w ith  an end , l i k e  the  
l i p  o f  a b eak er  (H ), which g r e a t ly  f a c i l i t a t e s  th e  escap e  o f  
gas in  th e  e v e n t o f  back p r e ssu r e  d e v e lo p in g . Tap I  may th en  
be c lo s e d , th e  cause o f such p r e ssu re  removed, and th e  tap r e ­
opened w ith o u t any g r e a te r  p r e ssu r e  having accum ulated in  th e  
p a r t o f  th e  apparatus ju s t  d e sc r ib e d .
The tub e em erging from tap  I  has s t i l l  a bore o f  if m.m. 
b u t i t  i s  con n ected  by a p ie c e  o f  rubber tu b in g  to  another tube  
o f  sm a lle r  b o re  ( 2m .m .) bu t h a v in g  th e  same e x te r n a l d iam eter  
(6  m .m .). T h is l a t t e r  tube i s  drawn in to  a th in  s t r a ig h t  p o in t  
about h a l f  an in ch  in  le n g th  and .75  a .m . in  bore and on to  i t  
i s  f i t t e d  a cork 3/ 8 ” *n th ic k n e s s ,  so  th a t  th e  p o in t  o f  th e  
tub e p r o tr u d e s  by jrw. When th e  cork i s  t i g h t l y  f i t t e d  in to  the 
com bustion tube a t K i t  i s  h a l f  embedded ( th a t  i s  3/ 16” )•
The com bustion  tube i t s e l f  i s  as s p e c i f i e d  by P r e g l .  The 
sp ace  S-V i s  a m o d if ic a t io n  o f  the tube as o r ig in a l ly  su p p lie d  
I t  p r e v e n ts  a* drop o f  w ater from the s p ir a l  b e in g  d r iven  in to  
th e  t i p  V and s o  c r e a t in g  back p r e s s u r e .
R etu rn in g  to  th e  o th e r  end o f  th e  tu b e , i t  co n ta in s  fou r  
rem ovable o b j e c t s .  The f i r s t  i s  a sm a ll tube ( n ) co n ta in in g  
th e  su b sta n ce  t o  be b u r n t. This tube i s  made o f  hard g la s s
and m easured | ,f x 3 / l6 ”* I t  i s  p la c e d  f t ” from th e  end o f  the  
tube K. F urther a lo n g  are th e  p latinu m  c o n ta c ts  or  c a t a ly s t s .  
The p ie c e s  marked Q, Q1 are o f  pure p la tin u m . They are con­
s tr u c te d  from p la tin u m  s h e e ts  o f  th e  d im ensions 2” x  £ ” and 2?” 
x i ” th e  la r g e r  (Q1 ) b e in g  p la ced  n e a r e s t  K and fo ld e d  as de­
sc r ib e d  by P r e g l .  The in tr o d u c t io n  o f  R i s  n o v e l and g r e a t ly  
in c r e a se d  th e  f o o l  p r o o f q u a l i t i e s  o f  th e  m ethod. R c o n s is t s  
o f  a p ie c e  o f  s i l i c a  tu b in g  o f  s l i g h t l y  sm a lle r  d im ensions thati 
th e  b ore  o f  th e  com bustion tube ( 5 /8 ” x  J m.m. w ith  2m.m. b o re )  
T h is s i l i c a  tube i s  wound w ith  a p ie c e  o f  p latinum  w ire which
a ls o  p a s s e s  through th e  c en tr e  o f  th e  tu b e . The n e t e f f e c t
on
i s  t h a t  a r o ta r y  m otion i s  s e t  up on th e  g a se s  ^ coming in  cbn- 
t a c t  w ith  R and th u s th e y  are fo rced  to  come com p lete ly  in to  
c o n ta c t  w ith  th e  secon d  p ie c e  o f  platinum * (Q ).
Two p ie c e s  o f  w ire  gauze (M) are wrapped round th e  tube  
a t th e  p o in t s  w hich r e q u ir e d  to  be h e a te d . One p ie c e  J” lo n g , 
co v er s  th e  c a t a l y s t s  which are h ea ted  by means o f  a s tr a ig h t  
burner p la c e d  b e low  th e  tu b e . The sm all co n ta in er  i s  
covered  by a p ie c e  o f  gauze 2%” lo n g  and h ea ted  by an ordinary  
bunsen th e  mouth o f  which i s  p la c e d  2%” be low  th e  tu b e . The 
bunsen i s  f i t t e d  w ith  a draught s h ie ld  (o)and  t r a v e ls  on r a i l s  
b e in g  s lo w ly  and e v e n ly  p r o p e lle d  a lon g  by th e  screw  P . The 
com bustion tu b e  i s  su pp orted  by two mjgL* b r a c k e ts  J .  (1 /8  n 
t h ic k ,  3M broad , f t ” h ig h ) .  At th e  top a V s e c t io n  i s  cut out 
g iv in g  a minimum h e ig h t  o f  J 7 /S ”* The tube does n o t r e s t  
d ir e c t ly  on th e s e  b r a c k e ts  b u t on s t r ip s  o f  w ire  gauze (L)
P la c e d  a c r o ss  th e  V. The h ea t tr a n sm itte d  from the b rack et i s
th e r e fo r e  le s s e n e d  and a t  th e  same tim e d is t r ib u t e d  over a 
w ider a r ea .
On to  th e  end o f  t h i s  tub e i s  p la c e d  a b en t g la s s  tube  
o f  9 m.m* b o r e . The l a s t  a t th e  end o f  t h i s  tube i s
tap ered  ou t to  a maximum b ore  o f  1 .1  m.m. I t  th u s f i t s  
s e c u r e ly  on t o  the end o f  th e  com bustion tube and the j o in t  
i s  com p leted , by th e  form ation  o f  a w ater s e a l  (X ) . T h is
tub e ex ten d s fo r  a fu r th e r  and i t  sh ou ld  be n o ted  th a t
i t  i s  n o t q u ite  h o r iz o n ta l  b u t on a s l i g h t  s lo p e .  I t  th en
bends a t an a n g le  o f  JO0 and c o n tin u e s  fo r  a fu r th e r  6 **into 
a f l a s k .  T h is l a t t e r  p o r t io n  i s  f i t t e d  fo r  a d so rp tio n  pur­
p o s e s  w ith  a g la s s  s p i r a l .
Z i s  an a d ju s ta b le  sta n d  to  support th e  f l a s k .  I t  con­
s i s t s  o f  a b lo c k  o f  wood ( 3M x  ifM)on th e  top  o f  which i s  em­
bedded th e  upturned g la s s  s to p p er  o f  a wide necked b o t t l e  . 
At th e  s id e  i s  a p ie c e  o f  3 P^y wood 6?" in  h e ig h t  which t a s  
a s e m ic ir c le  o f  1w d iam eter  cu t ou t o f  th e  t o p . I t  i s  f a s t e n ­
ed  by means o f  a b o l t ,  d r iv en  through the b lock^  w hich f i t s  
in  to  a s l o t t e d  h o le  in  th e  plywood and i s  secu red  by means 
o f  a b r a s s  w ing n u t . T h is p erm its  th e  h e ig h t  o f  th e  plywood  
to  b e  a d ju ste d  so  th a t  th e  d e s ir e d  s lo p e  may be a t ta in e d  on 
Y.
CONflflNTRATION APPARATUS
T h is  c o n s i s t s  o f  a 100 cc q u a r tz  
d i s t i l l i n g  f l a s k  i n t o  which i s  f i x e d  a 
n a rro w  tu b e  o f  sm a ll  bore  ( 1 . 5  mm i n ­
t e r n a l ,  3 mm e x t e r n a l  d ia m e te r )  which 
w id ens  a t  th e  end i n t o  a tu b e  o f  10 
mm b o r e .  (A) T h is  tu b e  i s  f i x e d  in  
r o s i t i o n  by means o f  a r u b b e r  s tb p p e r*  
The s o l u t i o n  to  be c o n c e n t r a t e d  i s  
p l a c e d  in  th e  f l a s k  and h e a te d  on a 
w a te r b a th  and a c u r r e n t  o f  a i r  dravm 
o v e r  th e  s u r f a c e  by c o n n e c t in g  th e  
n a rro w  tu b e  (A) to  a s u c t i o n  pump. 
I t  was fo u n d  t h a t  th e  narrow  tu b e  
p ro d u c e s  more r a n i d  c o n c e n t r a t i o n  th a n  
i s  o b t a i n e d  by h a v in g  a tu b e  o f  l a r g e  
b o re  t h r o u g h o u t .  The a i r  which e n t e r s  
th e  f l a s k  v i a  th e  s i d e  arm i s  p u r i f i e d  
by p r e v i o u s l y  b e in g  drawn th ro u g h  c o t tc  
w oo l. T h is  a p p a r a tu s  i s  c a p a b le  o f  
r e d u c in g  th e  volume o f  s o l u t i o n  from 
o0 to  o cc i n  1-j.- h o u rs  w i th  a b s o lu te  
s a f e t y .
SIMULTANEOUS ESTIMATION OP SULPHUR AND HALOGEN
For th e  purpose o f  t h i s  e s t im a tio n  th e  apparatus used  i s  
e x a c t ly  as shown on the diagram#
The com bustion tube i s  washed out w ith  d i s t i l l e d  w ater  
and th e  p a r t  KU i s  d r ie d  by a tta c h in g  the tube to  th e  waterpump 
a t  V and draw ing the a ir  through a p ie c e  o f  f i l t e r  paper a t  K 
w h ile  th e  p o r t io n  KU i s  h ea ted  by means o f  a non-lum inous 
bunsen flam e# A fte r  a llo w in g  to  coo l i t  i s  d isco n n ected  from  
th e  pump and th e  end US a g a in  thoroughly  washed w ith  water#The 
beads are th en  f r e s h ly  m o isten ed  w ith  d i s t i l l e d  w ater by suck­
in g  some in t o  th e  tube out o f  a t e s t  tu b e . N ext the c a t a ly s t s  
are w ashed, h e a te d  red  h o t and e n ter ed  in to  p o s it io n #  F in a l­
ly  th e  w eighed  tube (N) c o n ta in in g  about 4  mg o f  th e  su b stan ce
to  be a n a ly sed  i s  p la c e d  in  p o s i t io n .
The sp eed  o f  th e  oxygen stream  i s  then  f ix e d  a t  18
b u b b les  p er  m inute (5#5 c c )  and th e  apparatus connected  a t K#
As b e fo r e  th e  la r g e  bu rn er i s  l i t  and th e  e x c e ss  w ater removed 
from th e  n o z z le  o f  th e  com bustion tube w ith  f i l t e r  paper#
Tube Y and th e  100 cc  d i s t i l l i n g  f la s k  are washed out 
w ith  d i s t i l l e d  w ater and 5 cc  o f  #0200 N sodium carbonate  
s o lu t io n  e n te r e d  v i a .  Y. T h is e x te n s io n  tube i s  then  connected  
to  th e  main com bustion  tube by means o f  a n ea t f i t t i n g  g la s s  
j o in t  w hich i s  com pleted  w ith  a w a te r ,s e a l  • The a c tu a l b u m -  
i s  c a r r ie d  out e x a c t ly  as d e sc r ib e d  by P r e g l.
When th e  com bustion  i s  com pleted* and th e  tub e c o o l,  tap  
I i s  c lo s e d  and th e  e x te n s io n  tube d isco n n e cte d . T h is tube i s
washed c le a n  w ith  20ce  o f  d i s t i l l e d  w ater from a very  f in e  j e t  
w a s h -b o t t le .  The main com bustion tube i s  th en  washed ou t w ith  
a fu r th e r  15cc  o f  d i s t i l l e d  w ater .
One drop o f  p erh y d ro l i s  added to  th e  s o lu t io n  in  the  
f la s k  and t h i s  i s  a llo w ed  to  stan d  fo r  te n  m in u tes . I t  i s  *
th en  b o i l e d  v ig o r o u s ly  fo r  two m in u tes , c o o le d , one drop 
(«  .O ^cc) o f  m eth ylen e b lu e-m eth y l red  in d ic a to r  added and th e  
s o lu t io n  t i t r a t e d  w ith  .0100N su lp h u r ic  a c id  s o lu t io n  u n t i l  
th e  green  c o lo u r  d isa p p e a r s , The s o lu t io n  i s  a g a in  tak en  to  * 
b o i l i n g ,  c o o le d ,a n d  more standard  a c id  added when th e  s o lu t io n  
w i l l  sw ing from an in te n s e  green  to  a . d e f in i t e  v i o l e t  co lou r  
w ith  one drop o f  .0 100  a c id . I t  i s  n e c e ssa r y  to  b o i l  as th e  
in d ic a t o r  i s  a f f e c t e d  by th e  p resen ce  o f  carb on ic  a c id ,b u t  fo r  
th e  a c tu a l  end^ poin t a much sharper change-over i s  exp er ien ced  
in  th e  c o ld  s o lu t io n .
H aving th u s  o b ta in ed  th e  to ta l ,  a c id i t y  due to  the hydro­
c h lo r ic  and s u lp h u r ic  a c id s  the s o lu t io n  i s  con cen tra ted  in  
th e  app aratu s d e s c r ib e d , ( s e e  p *JiX ) 9 down to  10 c c . £  e e
o f  8N n i t r i c  a c id  and a s l i g h t  e x c e s s  o f  .014-1N s i l v e r  n i t r a t e  
are added. A la r g e  e x c e s s  o f  s i l v e r  n i t r a t e  was found to  le a d  
to  h ig h  r e s u l t s  and so  the end p o in t  was approxim ately  
determ in ed  by o b s e r v in g  when th e  p r e c ip i t a t e s  co a g u la ted  and i f  
a fu r th e r  drop o f  th e  s i l v e r  n i t r a t e  s o lu t io n  produced any 
o p a le s c e n c e . T h is cou ld  e a s i l y  be determ ined in  the concen­
tr a te d  s o lu t io n s  a g a in s t  a b la c k  background. The s i l v e r
c h lo r id e  p r e c ip i t a t e  i s  f i l t e r e d  o f f  u s in g  No. 1^ 0 Whatman 
q u a n t i ta t iv e  f i l t e r  p a p e r s . J cc f e r r i c  in d ic a to r  i s  then  
added to  th e  c le a r  s o lu t io n  which i s  t i t r a t e d  back w ith  .OO705N
ammonium th io c y a n a te  s o lu t io n  u n t i l  a c le a r  permanent brown 
c o lo u r  i s  o b ta in e d .
EXPERIMENTAL NOTES 
On th e
ESTIMATION OP HALOGEN AND SULPHUR
1, A b so rb in g  g a s e s  i n  w a te r  o n ly .
The f o l lo w in g  e x p e r im e n ts  i n d i c a t e d  t h a t  a b s o r p t io n  was 
in c o m p le te ,  o r  t h a t  a l l  t h e  h a lo g e n  was n o t  p r e s e n t  as a c id  
( HC1, HC1 0 , e t c . , ) ,  o r  t h a t  th e  w eaker h a lo g e n  a c id s  (HCIO) 
d id  n o t  a l lo w  a t r u e  end  p o i n t .
(C1C.H ) SO
 ^ T h e o r e tic a l
W eight o f  s u b s ta n c e  = S.AJmgs = 6 . 1f8 rags = 7-19&&S
Volume o f  .02N Nao00_ = $ . 2 6 0 0  = i*-.12cc = If.lfifee2 2
Volume o f  . 02N AgNO  ^ = 2 . 7ifcc = 2.21 cc = 2 . 2f1cc
ft C h lo r in e  =2^.1 =22*.. 2 =2^.8  = 21§—7
% S u lp h u r  = 9 . 6  = 9 . 4  = 9*0 = 1 1 . 2
E th y l  c h lo ro c a m p h o r-1 O -su lp h o n a te  
W eight o f  s u b s ta n c e =  = 8.29mgs T h e o r e t i c a l
Voliime o f  .02N NagCOj = if .1 7 cc
Volume o f  .02N AgNO^ = 1 .2f2cc
% C h lo r in e  = 1 2 .5  = 1 2 .1
% Su lphur = 1 0 .7  = 10*9
2 . M ethods o f  red u c in g  a c id  p rod u cts o f  com bustion o f
h a lo g en  compounds.
The e f f i c i e n c y  o f  th e  v a r io u s  proposed  methods was t e s t e d
on 2L c h lo r in e  w a te r : -  
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(a )  S u lp h ite  r e d u c t io n #
C o n s is te n t  r e s u l t s  were o b ta in ed  witly^he u su a l sodium  
carbonate and b is u lp h i t e  r e d u c tio n .
5cc C h lorin e  w ater = if.& fcc .02N AgNO  ^ s o lu t io n
(b ) P a llad iu m  r e d u c tio n .
Reduced w ith  p a llad ium  f o i l  sa tu ra te d  w ith  hydrogen by 
im m ersion in  z in c  and su lp h u r ic  a c id : -
(1 )  S ta n d in g  10 m in u tes.
5cc C h lor in e  w ater = J.SB cc .02N AgNO  ^ s o lu t io n
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(2 )  S ta n d in g  o v e r n ig h t.
5cc C h lorin e  w ater = Jf.25cc .02N AgNO  ^ s o lu t io n  
Reduced w ith  u n tr e a te d , c le a n , p a llad ium  f o i l : -  
S ta n d in g  1 hour.
5ce C h lo r in e  w ater = lf .2 0 cc  .02N AgNO  ^ s o lu t io n  
Hydrogen was p a ssed  over  p a llad iu m  f o i l  which had been  
p r e v io u s ly  washed in  n i t r i c  a c id  and h eated  in  a bunsen. The 
c h lo r in e  w ater was th en  added in  an atmosphere o f  hydrogen
(1 )  S ta n d in g  1 hour.
5cc C h lor in e  w ater = k»22cc .02N AgNO  ^ so lu t io n
(2 )  S ta n d in g  2k h ou rs.
Rcc C h lo r in e  w ater = if .1 9 cc  .02N AgNO  ^ s o lu t io n
(c )  P erh yd ro l r e d u c tio n .
D ir e c t  a ttem p ts  to  n e u t r a l is e  c h lo r in e  w ater f a i l e d  owing 
to  th e  m eth ylen e in d ic a to r  b e in g  d e str o y ed . Two drops o f  p er­
h yd ro l were added to  th e  s o lu t io n  and' i t  was found th a t  a de­
f i n i t e  and c o n s i s t e n t  end p o in t  cou ld  be ob ta in ed  a f t e r  ten
m inu tes "but th a t  a f t e r  f i v e  m inutes i t  was s t i l l  u n s a t is f a c t o r y : 
5cc C h lorin e  w ater = if.6ij.cc .02N Na2C0^
The above fa c to r  a ls o  agreed w ith  th a t  o b ta in ed  by s u lp h ite  r e ­
d u c t io n . The a c id i t y  o r ig in a l ly  p r e se n t  in  the hydrogen p er­
o x id e  was taken  in to  accou n t, ( s e e  page ) .
A bsorbing the prases in  p erox id e  s o lu t io n .
F o r  s im p l ic i t y  a compound c o n ta in in g  no su lphur was u sed .
( a )  D i l u t e  p e r o x id e  ( 1 s20)
C hlorocam phor
1* 2 . l,..
W eight o f  s u b s ta n c e  = 6.85mgs = 6 .5 lm gs = 6.20mgs = 6*72mgs
Volume o f  .02N Na2C0^ = 1 .8 5 c c  = 1 .6 8 c c  = 1 .5 9 ° c  = 1 .66cc
fi C h lo r in e  =19 .2  =18 .^  =18 .2  =17 • 5
Volume o f  .02N AgNO^ = 1*75cc = 1 . ^ 7 CC = 1«6i*.cc = 1 .7 7 cc
% C h lo r in e  =18.1 =18 .2  =1 8 . 8  =1 8 . 7
T h e o r e tic a l % C h lorine = 1^.0
Dibromocamphor.
5 . 6 . T h e o r e tic a l
W eight o f  su b sta n ce  = 9.27m gs = 6 .l8m gs
Volume o f  .02N NagCO  ^ = 1 .2 J c c  = . 7 d c c
% Bromine = 21 .2  =20.2
Volume o f  .02N AgNO  ^ = 1 .2 8 c c  = .81 cc
% Bromine =22.1 = 21 .0  =
I f  ( 1 ) w hich su g g ested  a p r a c t ic a l  e rro r  be exclu d ed , then  
fou r  ou t o f  th e  rem ain ing f i v e  showed th e  a c id i t y  to  be low er  
than th e  h a lo g en  accounted  f o r  would warrant ( i . e .  by s i l v e r  
n it r a t e  t i t r a t i o n ) .  T h erefore  i t  was l i k e l y  th a t  some ha logen  
m ight be p r e s e n t  in  some o th e r  form ,due to  incom plete  com bustion
which d oes n ot a f f e c t  m ethylene h lu e .
. ( b )  10?5 H ydrogen p ero x id e  s o lu t io n .
Chiorocamphor.
7 .
W eight o f  su b stan ce  -  6 .6 9 m8s
Volume .02N Na2CO^  = 1 .6 lc c
-  17 . tC h lorin e
Volume .02N AgMO 
% C h lorin e
= 1 ./O cc
= 18 .0
8 .
s  7 • 80mgs
= 1 . 86 cc
= 16 .9
sr 1 . 8 9 c c  
= 1 7 .2
T h e o r e t ic a l
= 19 .0
T hese r e s u l t s  o n ly  se rv e d  to  show th a t  chlorocamphor was 
somewhat d i f f i c u l t  to  burn and so  e th y l chlorocam phor 10 s u l -  
phonate was t r i e d  as b e in g  more e a s i l y  com busted:-
9* 10- 11- T h e o r e tic a l
W eight o f  su b sta n ce  = = 5*9^mgs = 6.90m gs
Volume .02N NbgCOj = J .8 9 c c  = 5 .0 7 c c  = 5 . 560c
Volume .02N AgNOj = 1 .J 2 c c  = 1 ,0 /c c  = 1 .2 ifcc
$  C h lorin e  =12.1*. =12.8  =12.8  = 1 2 . 1
% Sulphur = 10 .9  = 10 .8  = 10 .8  = 10.9
( c )  A bsorbing g a se s  in  w ater and su b seq u en tly  t r e a t in g  
w ith  a lk a l in e  p ero x id e  
S e v e r a l experim en ts were c a r r ie d  out w ith  ab so rp tio n  by 
beads m o isten ed  w ith  d i s t i l l e d  w ater . The com bustion p ro d u cts  
were washed in to  e x c e ss  stan d ard  ( K ) a l k a l i  Pour drops Of 
perhydrolw ere added and th e  s o lu t io n  a llow ed  to  stan d  fo r  10
m in u te s . I t  was th en  b o i le d ,  c o o le d , and t i t r a t e d  back w ith
N su lp h u r ic  a c id .  -$ec o fsa tu r a te d  sodium carb onate s o lu t io n
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and 6 drops o f  NaHSO  ^ s o lu t io n  were added and, a f t e r  sta n d in g  
fo r  an hour, th e  s o lu t io n  was aga in  tr e a te d  w ith  6 drops o f  
p e r h y d r o l, b o i le d ,  c o o le d , a c id i f i e d  w ith  2cc o f  HNO,, e x c e ss
AgNO and 2cc o f  f e r r i c  in d ic a to r  added, and th e  whole warmed
?
u n t i l  th e  p r e c ip i t a t e  formed c o a g u la te d . The p r e c ip i t a t e  was
f i l t e r e d  o f f  from th e  co ld  s o lu t io n  through a barium su lp h ate
f i l t e r  paper and back t i t r a t e d  w ith  N ammonium th io c y a n a te
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s o lu t io n .
E th y l ch lorocam ph or-10-su lphon ate  
W eight o f  su b sta n ce  = G^ijmga = Q.if^mgs = 5.22mga = 6.55m gs
Volume o f  .O196N NagCO^s J.26gc = i f .3ij.cc = 2.Gjcc  = 3*3'JCG
T o ta l a c id i t y  (a s  % s) =1 6 .6  =16.1 =16.1 =16.5
Volume o f  . 0195N AgNOj = 1 .2 0 c c  = 1 . 560c = . 960c = 1 .1 8 c c
fZ C h lor in e  =1?-3 = 12 .7  = 1 2 .6 -  = 12 .7
T h e o r e t ic a l % C h lorine = 12.1
If .  The n e c e s s i t y  o f  adding as sm all an e x c e s s  o f  s i l v e r
n i t r a t e  as p o s s ib le  
I t  can be se en  from th e  above r e s u l t s  th a t  th e  t o t a l  a c id ­
i t y  ( t h e o r e t ic a l  = l 6 . 5 )was s a t i s f a c t o r y  b u t th a t  th e  s i l v e r  
n i t r a t e  t i t r a t i o n  was in c o n s is t e n t ly  h igh .T h e on ly  e x p la n a t io n  
which cou ld  be o f fe r e d  was th a t  some s i l v e r  n i t r a t e  was b e in g  
adsorbed in  th e  s i l v e r  c h lo r id e  p r e c i p i t a t e .  T h is cou ld  to  a 
la r g e  e x te n t  be avo id ed  i f  o n ly  a sm a ll e x c e s s  o f  s i l v e r  n i t r a t e  
was u se d , and th e  fo l lo w in g  r e s u l t s  were o b ta in ed  w ith  th a t  
m o d if ic a t io n : -
E th y l ch lorocam ph or-10-su lphon ate
Weight o f  su b stan ce  
Volume o f  *0196n NaoC0_ 
Volume o f  .019JN AgNO^
8.27m gs = J.jGmga T h e o r e tic a l
l f .25cc  = 5 .7 7 c  c
1 .IfifCC = 1 .50cc
% C h lor in e = 11 .9
=  10.7
= 12 . 1 1 2 . 1
% Sulphur =10.6 10.9
These r e s u l t s , under the exp erim en ta l c o n d it io n s  noted  above, 
must be regarded  as f a i r l y  s a t i s f a c t o r y .
5. The e l im in a t io n  o f b i s u lp h i t e .
In  order to  s im p lify  th e  method as much as p o s s ib le  i t  was 
r e so lv e d  to  e lim in a te  the b i s u lp h i t e .  T h is , accord in g  to  
V iebock (55^  sh o u ld  be q u ite  e f f e c t i v e .  I t  was found however 
th a t  the e l im in a t io n  o f  t h i s  p r o c e ss  p reven ted  th e  a c id i t y  in ­
d ic a to r  (m eth y len e b lu e  and m ethyl red ) from b e in g  d estroyed  
and so in  subsequent exp erim en ts (2  and^) t h i s  was ach ieved  by 
th e  a d d it io n  o f  two fu r th e r  drops o f  perhydrol to  the ju s t  
a lk a l in e  s o lu t io n  and b o i l i n g .  Only h a lf  a c c . o f  n i t r i c  a c id  
s o lu t io n  was th en  req u ired  b e fo r e  adding e x c e s s  s i l v e r  n i t r a t e .
E th y l ch lorocam p h or-10-su lp h on ate .
1 2 . 5 . T h e o r e tic a l
8.02m gs = 6 . 7 1mgs 
if.lO cc = 5.1j-2cc 
1 . 580c = 1. 19cc
7 . 80mgsWeight o f  su b sta n ce  
Volume o f  . 0196N Na2C0 
Volume o f  .O195N AgNO,
% C h lor in e  = 11.8  =11.8  =12.2 s 1 2 . 1
% Sulphur =10. if. =1 0 .7  =10.5 10.9
6 . Guard tube to  r e ta in  t r a c e s  o f  h a lo g en ,
The p r e v io u s  method gave low  r e s u l t s  when used  w ith  2 : 5 
d ic h lo r o p h e n y l-2 f : 5 f -d ic h lo r o b e n z e n e th io lsu lp h o n a te  which i s  
r ic h  in  c h lo r in e  and su lp h u r:—
C12c 6H3ao2806H3c i 2 
W eight o f  Su bstance  
Volume .019&N Wa200-  ^
Volume .019JN AgNO^
% C h lorine  
f5 Sulphur
T h e o r e tic a l
= 4*57 mgms = 5 . 8Q mgms
= 4*55 cc ~ cc
= 2*28 cc = 2 .86  cc
=  35*7 =  33«3 =  36.6
= 16 .5  = 16 .3  = 16 .5
These r e s u l t s  su g g ested  th a t  th e  compound was n ot under -  
g o in g  com plete decompositioiW Po combat t h i s  th e  hydrogen stream  
was run slow er  (20 b u b b les to  th e  m inute) by means o f  a Hle a k w 
and a b a f f l e  o f  p a llad iu m  f o i l  was in tro d u ced . The id e a  was 
th e  p a llad iu m  m ight a lso  be an e f f e c t i v e  c a t a ly s t  but u n fo r t­
u n a te ly  i t  was d e f i n i t e l y  a tta c k e d . The p a llad iu m  w ashed ,b efore  
e n te r in g , was washed and d ried  by p la c in g  in  a quarty tube and 
h e a t in g  over  a bunsen .
C l20gH3S0 2SCgH50l 2
W eight o f  Substance  
Volume .O196N NagCO  ^
Volume .0193^ AgdO^




5.28  cc  




6 .7 6  mgms
6 . 5 9  c c
T h e o r e tic a l
= 16.7
= 56 .6  
= 16.5
In case  ( 1 ) a p ie c e  o f  p a llad iu m  was p la c e d  o n ly  between  
th e  p a llad iu m  c o n ta c ts  and i t  rem ained a b lu e -  b la c k . In  the  
second  case  a p ie c e  was a ls o  pu t in  fr o n t  o f th e  c o n ta c ts .T h is  
became p r a c t i c a l ly  brown and had a corroded appearance. Thus 
i t  was d ec id ed  to  tr y  a sm all p ie c e  o f  s i l i c a  tube covered  
w ith  n la tin u m  w ire as a b a f f l e .
C l2CgH5S °2 SCgH5G l2
W eight o f  Substance  
Volume .019&N N'a2C03 
Volume .0 1 9 3 N AgN6  ^
% C h lorine  
% Sulphur





T h e o r e tic a l  
= 6 .1 4  mgms
= 6 .0 J  cc
= 2 . 8 3  CC 
= 31 .6  = 36.6
= 16 .5  = 1 6 .5
These r e s u l t s  in d ic a te  th a t  w h ile  sulphur was c o n s is t e n t ly  
s a t i s f a c t o r y  h a lo g en  was in c o n s is t e n t ly  low and so i t  was sugg  
- e s t e d  th a t  some o f  the l a t t e r  must be e sc a p in g . In  order to  
t e s t  t h i s  a fu r th e r  tube f i l l e d  w ith  g la ss -w o o l was *■ attach ed '
to  the com bustion tube by means o f  a w ater s e a l . ?he tube
c o n ta in e r s  s o lu t io n  s  .001 cc N/ 5 0  sodium carbonate w ith  in d i­
c a to r
W eight o f  Substance above =
Volume .019oN NagCO^
Volume .0193N AgNO^
• • % C h lorin e
3 .78  mgms
(a )
5 .6 6  cc
2 .6 3  cc
3 1 . 2
C b ) Theore t  i  c a l  
; .§2  cc  
• 39 cc
5 5 . 8  = 3 6 .6
• . % Sulphur 1S .7 =16.5
(a )  was th e  normal com bustion and (b ) the a d d it io n a l  absorp  
- t i o n  in  the g la s s  wool tu b e. During th e  a c tu a l com bustion  
which took  2 hours the co lou r  o f  th e  in d ic a to r  d id  n o t change 
b u t on s ta n d in g  (w ith  the a d d it io n  o f  2 drops p erh y d ro l) the  
s o lu t io n  became d e c id e d ly  a c id . The a c id it y  o f  the perhydrol 
w as, o f  c o u r se , taken  in to  a cco u n t. I t  was made a lk a l in e  and 
b o i le d  w ith  a fu r th e r  2 drops o f  perh yd ro l and t i t r a t e d  to  
n e u t r a l i t y .  The e q u iv a le n t  h a logen  t i t r a t i o n  was much low er  
than th e  a lk a l i  t i t r a t i o n  in d ic a te d  and t h i s  m ight to  a t t r ib ­
u ted  to  slow  o x id a t io n  o f  a lc o h o l in  the in d ic a to r  s o lu t io n  to  
a c e t i c  a c id . As t h i s  tube was now d e f i n i t e l y  proved n ecessa ry  
i t  was d ec id ed  to  abandon the use o f  in d ic a to r  and wash the  
guard tube w ith  e x c e s s  o f  standard N/^O a l k a l i .
GL2G6HPS0 2SC6H5G12
T h e o r e tic a l
W eight o f  Substance = L^gaiB = mgms
Volume . 0196N Na2CO^  = cc = 5 .15  cc
Volume . 0193N AgNO  ^ = 2 .88  cc = 2 .6 0  cc
• • % C h lor in e  = 56 = $6*6
• . % Sulphur = 16 .8  = 16*6 = 16.5
These r e s u l t s  seemed q u ite  s a t i s f a c t o r y  and a fu r th e r
s ub s t  an ce wa s n ro c e  de d v:i t h
j p*ht o f  S u b s tan c e 8 . M  T h e o r e t i c a l
CC
Volume .0195^  AgNO  ^
C h lorine
9 .07
= 2if.9 = 2k .7
S u lp h u r 1 2 . 2 1 1 . 2
The f a c t  th a t  t h i s  r e s u l t  was n ot s a t i s f a c t i r y  may he due 
to  m echan ical e r r o r . I t  was d i f f i c u l t  to  wash th e  g la s s  wool 
tube s a t i s f a c t o r i l y .  T h is was th e r e fo r e  r ep la ced  by a tube  
c o n ta in in g  a g la s s  s p ir a l  and the an g le  o f  th e  bend was a lso  
le s s e n e d .  Some d i f f i c u l t y  was exp erien ced  in  b e in g  co n fid en t  
th a t  th e  tube was th orou gh ly  washed w ith  a sm all f ix e d  amount 
o f  w a ter . T h is was overcome by u s in g  a sm all wash b o t t l e  w ith  
a f i n e  and lo n g  j e t  in  which a r e g u la t io n  20cc o f  w ater was 
p la c e d .
7 . C on cen tra tion  (-prior to  t i t r a t i o n  w ith  s i l v e r  n i t r a t e )
The end p o in t  in  h a logen  t i t r a t i o n s  by t h i s  method caused
some con cern . Any one c o n s is t e n t ly  working w ith  th e se  
would soon be cap ab le  o f  a c c u r a te ly  determ in in g  th e  end p o in t .  
V arious r e fe r e n c e s  were c o n su lte d  (5^f) b u t th e se  d id  not pro­
duce a s a t i s f a c t o r y  s o lu t io n .  T e s ts  were c a rr ie d  tu t  to  see  
i f  th e  c o lo u r  was a f f e c t e d  by the p resen ce  o f  the d estroyed  
in d ic a t o r .  T h is  d id  not appear to  be th e  c a se . I t  was 
found th a t  a s a t i s f a c t o r y  end p o in t  cou ld  be ob ta in ed  by con­
c e n tr a t in g  th e  s o lu t io n  in  th e  apparatus p r e v io u s ly  d escr ib ed  
(page if2 ) .
8 . T est exp erim en ts
T h is  method was t e s t e d  out on compounds c o n ta in in g  halogen  
bu t no su lphur and proved a b s o lu te ly  s a t i s f a c t o r y  as the fo llo w ­
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Appendix on methods co n sid er ed  bu t n o t  
e x h a u s t iv e ly  t e s t e d .
Barium M ethod.
Another method o f  a n a ly s is  which r e c e iv e d  c o n s id e r a t io n  
was th a t o f  p r e c ip i t a t in g  the su lp h a te  p r e se n t as th e  barium 
s a l t  and v o lu m e tr ic a l ly  e s t im a to r  the amount o f  "barium l e f tVi
in  s o lu t io n  by means o f  th e  method o f  K uster (3 -0  • This 
in v o lv e d  n e u t r a l i s in g ,  in  the u su a l manner, th e  a c id s  formed 
by th e  com bustion and so  o b ta in in g  a t o t a l  a c id i t y  fa c to r .T h e  
s o lu t io n  was then  tr e a te d  w ith  a standard  s o lu t io n  o f  a sD iib le  
barium  s a l t  (barium c h lo r id e )  and then  w ith  standard sodium  
carb on ate  s o lu t io n  when the p o s i t io n  was as in d ic a te d  by the  
fo l lo w in g  e q u a tio n s
H2S0lf + HC1 Nag CO 3. > NagSO^ ♦ NaCl
__BaClg > BaSO^ + NaCl + BaClg
-NftgCO^___ * BaSO^ + NaCl + BaCOj + NagCO^
The e x c e s s  sodium carbonate cou ld  th en  be t i t r a t e d  to  th e  
b ic a rb o n a te  s ta g e  w ith ou t any in te r fe r e n c e  from the barium  
ca rb o n a te . T h is method i s  however open to  many o b je c t io n s
when u sed  on th e  m icro s c a l e .  The numerous t i t r a t i o n s  in v o lv e  
many s l i g h t  e r r o r s  which are l i a b l e  to  accum ulate. The sodium  
carb on ate  must b e  e x c e p t io n a l ly  pure and e s p e c ia l ly  f r e e  from 
b ic a r b o n a te  and f i n a l l y  i t  i s  d i f f i c u l t  to  o b ta in  a s a t i s ­
fa c to r y  in d ic a t o r .  A ccording to  K o lth o ff  ( 3 6 )  ph en ol p h th a le in  
i s  o n ly  a c cu ra te  when t i t r a t e d  from red to  a r o se  co lo u r  which 
must be  compared w ith  a stan d ard  r e fe r e n c e  s o lu t io n .  K uster  
r e p r e s s e s  th e  h y d r o ly s is  o f  th e  b ica rb o n a te  by working a t  0°C
In  th e  p r e sen ce  o f  e x c e s s  sodium ch loride^  and the a d d it io n  o f  
g ly c e r in  has a ls o  been  found to  improve m a tte r s . Simpson
(3 7 ) su g g e s te d  th a t  a m ixture o f  s i x  p a r ts  thymol b lu e  to  one 
p a r t  e r e s o l  red  i s  f a i r l y  s a t i s f a c t o r y  fo r  N/10 s o lu t io n s .  
There i s  a ls o  the method o f  G ib lin  (3$>)for th e  d eterm in ation  o f  
Barium and o f  su lp h a te s  u s in g  th e  sodium s a l t  o f  rh o d izo n ic  
a c id . T h is g iv e s  a red c o lo u r a tio n  in  th e  p resen ce  o f  Barium 
io n  b u t th e  method does n o t a llo w  o f  g r ea t accuracy and th e  use  
o f  e x te r n a l  in d ic a to r s  i s  o b je c t io n a b le . F u rth er, the author  
does n o t  c la im  any sh arp n ess o f  end p o in t  below  N . I t  was
To
d e c id e d  a f t e r  a thorough exam in ation  o f  th e  va r io u s p o in ts  
th a t  i t  would n o t be any improvement on th e  e x is t in g  s i l v e r  
n i t r a t e  m ethod.
F r ie d r ic h ^  M ethod.
P r e g l ’ s  method fo r  su lphur a n a ly s is  in  ha logen  and n it r o ­
gen f r e e  su b s ta n c e s  h as been  adapted by F r ied r ic h  (3^ ) fo r
compounds c o n ta in in g  th e s e  e le m en ts . The apparatus i s  p r e c is e ly
try
th e  same as th a t  u sed ^ P reg l fo r  a su lphur com bustion in  halogen  
and n itr o g e n  f r e e  su b s ta n c e s . When a ’ Compound c o n ta in in g  th ese  
su b s ta n c e s  i s  com busted a l l  th e  su lphur i s  r e ta in e d  in  the  
form o f  su lp h u r ic  a c id .  A sm all amount o f  h a logen  i s  a lso  
trapped in  th e  a b so rp tio n  tu b e . T h is m ixture d f  a c id s  i s  
washed ou t and t i t r a t e d  to  n e u t r a l i t y  u s in g  standard sodium  
carb on ate  s o lu t io n .  An amount o f  standard su lp h u r ic  a c id  
e q u iv a le n t  to  th e  carb onate t i t r a t i o n  i s  then  added. This 
means th a t  th e r e  h as been  added, to  th e  o r ig in a l  s o lu t io h
o f  th e  com bustion a c id s ,  n e u tr a l sodium su lp h a te  s o lu t io n
which i s  in  s l i g h t  e x c e s s  o f  th a t  q u a n tity  req u ired  to  form
sodium b is u lp h a te  w ith  th e  su lp h u r ic  a c id  p r e se n t  in  the
o r ig in a l  s o lu t io n .  The s o lu t io n  w i l l  thus con ta in ,sod iu m
s u lp h a te , sodium b is u lp h a te  and h y d r o c h lo r ic  a c id . I t  i s  now
tak en  to  d ryn ess on the w aterbath  when the h y d ro c h lo r ic  a c id
i s  e x p e l le d .  The r e s id u e  c o n s i s t in g  o f  sodium su lp h a te  and
sodium  b is u lp h a te  (o r  in  o th er  words n e u tr a l sodium su lp h a te
and th e  su lp h u r ic  a c id  formed in  th e  com bustion) i s  red isfcoltfed
in  w ater and t i t r a t e d  to  n e u t r a l i t y  w ith  standard sodium ca rb -
i s
on ate  s o lu t io n .  T his f i n a l  t i t r a t io n ^ th e r e fo r e  e q u iv a le n t  to  
the su lp h u r ic  a c id  c o n te n t o f  th e  o r ig in a l  so lfc 'tion .
The f i r s t  a ttem p ts to  carry  out t h i s  method proved ra th er  
f u t i l e  owing p rob ab ly  to  wc r e e p in g ” in  the ev a p o r a tin g  b a s in .  
T h is was p r e v en te d  by the in tr o d u c t io n  o f  an atmosphere o f  
steam  produced by c o v e r in g  th e  b a s in  w ith  an in v e r te d  la r g e r  
b a s in  under which a s u c t io n  tube was l e d .  Numerous e x p e r i­
ments u s in g  a r t i f i c i a l  m ixture* o f  h y d r o c h lo r ic  and su lp h u r ic  
a c id s  showed th a t under th e se  c o n d it io n s  i t  was p o s s ib le  to  
o b ta in  s a t i s f a c t o r y  r e s u l t s .
An improvement in  the method o f  co n c en tr a tio n  was d e v i l ­
ed by th e  in tr o d u c t io n  o f  apparatus such as d e sc r ib e d  on p a g e in  
The method by w hich th e  a ir  e n te r s  d e f i n i t e l y  d im in ish ed  any 
s l i g h t  ten d en cy  th e r e  may be to  c r e e p in g .
T h is method had th e  g rea t d isad van tage  th a t  one had no
0
gu id e t o  show when a l l  th e  h y d ro c h lo r ic  a c id  had been d r iv en  
o f f .  The o n ly  method which cou ld  be adopted was to  n e u tr a l­
i s e ,  s l i g h t l y  a c id i f y  w ith  su lp h u r ic  a c id  and take to  d ryn ess
a secon d  t im e . One f a c t  which i s  worth m en tion in g  i s  th a t  
exp erim en ts showed th a t  on ly  s i l i c a  v e s s e l s  may be u sed  fo r  
th e  c o n c e n tr a tio n  when one has to  determ ine th e  a c id i t y  or 
a lk a l in i t y  o f  th e  f i n a l  s o l t  lio n .
A dsorption  I n d ic a to r s .
A d sorp tion  in d ic a to r s  (F ajan s (40) ) su g g es ted  an a t t r a c t ­
iv e  method o f  o b ta in in g  a s a t i s f a c t o r y  end p o in t  in  th e  s i l v e r  
n i t r a t e  -  h a l id e  t i t r a t i o n .  I t  was found however th a t th e se
in d ic a to r s  are very  s e n s i t i v e  to  s l i g h t  f lu c t u a t io n s  in  pH
0
v a lu e s , and th e  p resen ce  o f  e l e c t r l y t e s .  and o f te n  f a i l  com-* A . '
p l e t e l y  in  d i lu t e  s o lu t io n .
With f lu o r e s c e in  th e  co lou r  changes from y e llo w  to  p ink  
cou ld  be d e str o y e d  by m ineral a c id  p r e se n t  to  the e x te n t  o f  1 
p a r t  in  10 , 0 0 0 . F urther th e  Mchanging o v er1* i s  not s u f f i c i e n t l y  
sharp r e q u ir in g  about .1  cc N S i lv e r  n i t r a t e .
5b
D ic h lo r o f lu o r e s c e in  g iv e s  f a i r l y  s a t i s f a c t o r y  r e s u l t s  i f  
th e  end p o in t  i s  ap p roxim ately  known and th e  in d ic a to r  added 
ju s t  p r io r  t o  th e  end p o in t  ( K o lth o ff , Lauer & Sunde ( 4/ )  )•
Such an end p o in t  cannot be a ccep ted  fo r  th e se  a n a ly s e s .
T a r tra z en e , which w i l l  work in  N n i t r i c  a c id  s o lu t io n ,
h ^
g iv e s  u n fo r tu n a te ly  th e  r a th e r  in d efin ite  end p o in t  o f  ye llow *  
g reen .
Ink b lu e ,  which sh ou ld  work in  a n i t r i c  a c id  medium was 
found under th e  r eq u ired  c o n d it io n s  to  be most u n r e lia b le  and 
sp asm odic.
APPENDIX.
Check C om bustions,
The fo l lo w in g  su b sta n ces were an a lysed  a cco rd in g  to  th e  
stan dard  method o f  P r e g l ; -
TABLE V. 
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The stan d ard  a c id and a lk a l i  were used  to  check some







t i t r a t i o n
E q u iva len t  
Pound R equires
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(CgH^SOg) 2CHS02Cam 6 . 81*. .85 M 2 M 4
°6 h5S02J CHCOC^ Hf.
CHzSOq^  ^
7 . 1 6 1 .02 351 358
Cam s  Camphor r a d ic a l ,
STANDARD REAGENTS.
W ater.
The word w ater in v a r ia b ly  m eans, in  th e  accou n ts b e low , 
pure f r e s h ly  d i s t i l l e d ,  h a logen  f r e e  ( t e s t e d )  water*
N i t r i c  A cid  S o lu tio n *
H alogen f r e e  co n cen tra ted  n i t r i c  a c id  was d i lu t e d  w ith  an 
eq u a l volume o f  d i s t i l l e d  w ater and b o i le d  v ig o r o u s ly  f o r  f i v e  
m inu tes in  order to  e x p e l any o x id e s  o f  n itro g en *  The s tr e n g th  
o f  t h i s  s o lu t io n  i s  approxim ately  8 Normal.
F e r r ic  In d ic a to r  S o lu t io n .
5 grams o f  ir o n  alum was d is s o lv e d  in  50 cc  o f  con cen tra ­
te d  n i t r i c  a c id  ( f r e e  from h a lo g e n ) , and th e  s o lu t io n  v ig o ro u s
- l y  b o i l e d  to  e x p e l o x id e s  o f  n itr o g e n .
Standard S i lv e r  N itr a te  S o lu t io n *
I t  i s  recommended th a t  *01VI N s i l v e r  n i t r a t e  s o lu t io n  
( th u s  1 cc o f  s o lu t io n  i s  e q u iv a le n t  to  *5 o f  c h lo r in e )
be u se d . The s o lu t io n  was prepared w ith  a s l i g h t l y  g r e a te r  
n o r m a lity  and d i lu t e d  down to  the req u ire d  s tr e n g th .A n a ly t ic a l  
rea g en t was u sed  and no a c id  was added. The s o lu t io n ,  i f  kept
in  a c le a n  dark b o t t l e ,  was p e r f e c t ly  s ta b le  and i t  had th e
advantage o f  b e in g  u n a f fe c te d  when p a sse d  over  any tr a c e s  o f  
p r e c ip i t a t e d  s i l v e r  which had in a d v e r ta n tly  formed on th e  mouth 
o f  th e  b o t t l e .
Standard Ammonium T hiocyanate S o lu t io n .
T h is s o lu t io n  was made from A.R. m a te r ia ls  and had a 
n o r m a lity  o f  .00705  which i s  e x a c t ly  h a l f  o f  th a t  o f  th e  s i l v e r  
n i t r a t e  s o lu t io n .
Standard Sodium Carbonate S o lu t io n .
The n o rm a lity  o f  t h i s  s o lu t io n  was .0 2 0 0 . U n fortu n ate ly  
t h i s  s o lu t io n  i s  not very s t a b le ,  r e a d ily  a t ta c k in g  th e  g la s s  
o f  an ord in ary  w in c h e s te r . The s o lu t io n  should  be restan dard­
i s e d  ev ery  fo r t n ig h t  and renewed every  month fo r  th e  f i r s t  s i x  
m onths. T h er ea fter  th e  n orm ality  fa c to r  can be depended upon 
to  rem ain c o n sta n t fo r  fou r  m onths. T h is procedure can be 
s a t i s f a c t o r i l y  avo ided  by c o a tin g  th e  b o t t l e  w ith  wax.
Standard S u lp h u ric  A cid  S o lu t io n .
T h is s o lu t io n  was .0100  Normal.
W eigh ing.
A ll  w e ig h in g s  were c a r r ie d  out on a S a r to r iu s  a ssa y  b a l­
ance u s in g  a .5  m illig ra m  r id e r .  T his p erm itted , u s in g  th e  
d ia l  s c a le  f o r  th e  l a s t  f ig u r e ,  a read in g  in  m illigram s to  the  
secon d  d ec im a l p la c e  w ith  an e rr o r  o f f  .0 1 . The su b stan ces  
were w eighed  out in  a sm a ll tube (N) which was cou n terp o ised  
w ith  a s im ila r  tu b e , and a d d it io n a l w e ig h ts  added, i f  n ecessary  
in  order t o  b r in g  th e  rea d in g  on th e  r id e r  s c a le  to  near zero .
T i t r a t io n .
M icro b u r e t t e s  o f  5 c c * c a p a c ity  were u sed . Readings 
were tak en  t o  th e  n e a r e s t  .005  c c .  A fte r  a t i t r a t i o n  one 
m inute p er  c u b ic  cen tim etre  o f  s o lu t io n  used  was allow ed to  
e la p s e  b e fo r e  th e  f i n a l  read in g  was tak en .
S ta n d a r d isa tio n  o f  R eagen ts.
F resh  s o lu t io n s  were prepared  and s ta n d a r d ise d  as b e low . 
I t  was found th a t  th e  N Sodium Carbonate s o lu t io n  had s l i g h t -
50
l y  a tta c k e d  th e  g la s s  o f  th e  w in ch ester  which co n ta in ed  i t  and 
th u s weakened th e  s tr e n g th  o f  th e  s o lu t io n .
The m ethylene b lu e  -  m ethyl red  in d ic a to r  was s t i l l  used  
fo r  a c id  and a lk a l i  b u t whereas form erly  th e  end p o in t  had 
b een  d e c id ed  by the f i r s t  tr a c e  o f  green  on th e  a d d it io n  o f  
a l k a l i ,  i t  was now d ec id ed  by th e  f i r s t  d isappearance o f  green  
c o lo u r  on th e  a d d it io n  o f  a c id .
As u su a l th e  s i l v e r  n i t r a t e  t i t r a t i o n  was determ ined by  
th e  f i r s t  t in g e  o f  co lo u r  produced w ith  fe r r ic  in d ic a to r .  Cross 
ch eck in g  o f  r e s u l t s  showed th e se  end p o in ts  from th e  in o rg a n ic  
p o in t  o f  v iew  t o  be  concord ant.
An im portant a l t e r a t io n  on o b ta in in g  th e  end p o in t  accu­
r a t e ly  was d e v is e d  h e r e . U n til  now th e  a c tu a l end p o in t  in  
th e  t i t r a t i o n  had been c a lc u la te d  by the v ary in g  depth o f  
c o lo u r  produced on adding one whole drop to  th e  s o lu t io n  which  
r e q u ir e d  l e s s .  T h is method was open to  s e r io u s  o b je c t io n  in  
th a t  i t  brought in  th e  p erso n a l e lem en t. Now, by making one
s o lu t io n  N and one N , th e  a c tu a l end p o in t  to  w ith in
50  1TT0
.01 cc  N .may b e  o b ta in ed  w ith ou t s p l i t t i n g  drop s.
One drop i s  e q u iv a le n t  to  .01*. c c .  T herefore on a d d itio n  
o f  th e  N s o lu t io n  th e  r e s u l t s  cannot be more than .OJcc N out
5 0  „ 50
w ith  th e  l a s t  drop. Now e f  .Oij.cc (one drop) N s o lu t io n  i s
IQO
added th e  d i f f e r e n c e  from th e a c tu a l end p o in t  cannot exceed  
•01 cc  N
50
AgNO  ^ a g a in s t  NHj^ GNS
U sin g  2 cc n i t r i c  a c id  s o lu t io n  and 2 cc in d ic a to r
Volume *0200 N AgNOj -  2 .0 4  cc -  2 .8 8  cc
Volume NH^CNS -  1*93 cc -  2 .7 4  cc
. NH2.CNS Q] 7 OK4 ac
• • " *947 " *951 ~ *95
Blank on AgNO, R eagen ts.
U sin g  6 drops o f  b i s u lp h i t e ,  £ cc sodium carbonate s o lu t io n  
12 drops hydrogen p e r o x id e , 2cc n i t r i c  a c id  s o lu t io n ,  2cc  f e r r i c
in d ic a t o r ,  1 drop M ethylene b lu e .
Volume AgNOj -  2 .0 4  cc -  2 .0 2  cc
Volume NH^CNS -  1.91 cc -  1.91 cc
• e f f e c t  o f  th e s e  r e a g e n ts  may be n e g le c te d .• .
S ta n d a r d isa t io n  o f  AgNO-r
U sin g  2 cc  n i t r i c  a c id  s o lu t io n  and 2 cc f e r r i c  in d ic a to r  
o n ly  in  ( 1 ) and ( 2 ) and a ls o  in c lu d in g  sodium carbonate b i s u l ­
p h ite  and hydrogen p e r o x id e  s o lu t io n s  in  ( 5 )
( 1 ) ( 2 ) ( 5 )
Volume AgNOz -  2 .2 7  cc  -  4*01 cc -  4 .2 1  cc
Volume .0 2 2 0  HC1 -  1 .9 8  cc  -  9 .5 2  cc -  5 .7 2  cc
• . N .P . AgNOz -  .0192  -  .0191 -  .0194
U sing a w eighed q u a n tity  o f  d r ied  sodium c h lo r id e  w ith  
n i t r i c  a c id  s o lu t io n  and f e r r i c  in d ic a to r  o n ly : -  
W eight o f  NaCl -  5•34- m.gms -  m.gms
Volume AgNOj -  4 .7 7  cc  -  4«59 cc
N .P . AgNOj -  .0191 -  .0195• .
S ta n d a r d isa t io n  o f  HC1.
W eight o f  NagCOj -  6*85 m.gms -  5«18 m.gms -  5 .20  m.gms
Volume HC1 -  5*07 -  -  4 .4 6
* N .F . HC1 -  .0218 -  .0220 -  .0220
S ta n d a r d isa t io n  o f NajgO y
Volume .0 2 2 0  HC1 -  3 .9  cc  -  5.91 cc
Volume Na2C0j -  4*46 cc -  4*42 cc
#*# N .F . Na2C0 j  -  .0196  -  .0195
E f f e c t  o f  b o i l i n g  NgO? w ith  NagOO^*
(I  ) was b o i l e d  w ith  i  cc  H202 and ( 2 ) con ta in ed  none a t a l l
( 1 ) ( 2 )
Volume Na2C0 j  -  2 .2 0  cc -  1 . j 6
Volume H2S0^ -  2 .1 9  cc -  1.4^
. - . 2^ 2}  -  , . 0 0 5  -  .532
. • The a c id  e f f e c t  o f  hydrogen p erox id e  i s  e q u iv a le n t
t o  a s tr e n g th  o f  N and must be taken  in to  c o n s id e r a tio n .
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S ta n d a r d isa t io n  o f  HgSO^* 
Volume .019&N ^ 2^0 ^
Volume HgSOj^
t>i
if. 96 cc & lf*21 cc
9 .6 2  cc =s 8 .1 5  cc
.0101  =  .0101
EXPERIMENTAL 
(P rep a ra tio n  o f  M a te r ia ls )
4-METH0XYT0LYL-;5-SULPH0NYL CHLORIDE.
T h is was f i r s t  prepared (S tew art (4 4 ) ) by s lo w ly  adding  
one volume o f  p . t o l y l  m ethyl e th e r  to  f i v e  volumes o f  c h lo r s u l  
-p h o n ic  a c id  a t  0°  and p ou rin g  th e  s o lu t io n  over crushed i c e .
E xperim ents were c a r r ie d  out to  determ ine whether i t  was 
e s s e n t i a l  to  have such a la r g e  e x c e s s  o f  ch lo rsu lp h o n ic  a c id  
p r e s e n t .  I t  was found th a t  fo u r  volumes d id  n o t a p p rec iab ly  
d im in ish  th e  y i e l d  i f  the m ixture was a llow ed  to  stan d  fo r  one 
hour b e fo r e  adding to  th e  i c e .  A q u a n tity  c o n ta in in g  th ree  
volum es o f  a c id  was l e f t  s ta n d in g  fo r  fo r ty  hours but th e  
y i e l d  was n o t so  good. M.Pt *  84° •
SODIUM 4-METHOXYTOLUENE~ 3-SI3LFHIHATE
T h is was prepared  by r ed u c tio n  o f  th e  su lph onyl c h lo r id e  
w ith  a lk a l in e  sodium s u lp h ite  s o lu t io n .
4-METHOXYTOLYL- 5-SULPHONAOETONE.
T h is was prepared  by the method o f  Gibson and Sm iles ($7). 
C o lo u r le s s  n e e d le s  M.Pt ^ 79°C.
SODIUM li-METHOXYTOLUENB- 5-THI0LSULPHflffATE.
( l)A c c o r d in g  t o  H ild itc h  ^>) ) .  10 gms o f  sodium s u l­
p h id e c r y s t a l s  (Na2S,9H20 )  were p la c ed  in  20 c c . a lc o h o l. To
t h i s / a s o lu t io n  o f th e  su lp h on y l c h lo r id e  (10 gms) was added 
g r a d u a lly . I t  was found n ecessa ry  to  add an equal volume o f  
w a ter . No f r e s h  a d d it io n  o f  th e  su lp h on yl ch lo r id e  was 
made u n t i l  a l l  th e  p r e c ip i t a t e d  su lphur was reab sorb ed . The
s o lu t io n  was th en  b o i le d ,  to  remove most o f  th e  a lc o h o l, f i l ­
te r e d  and poured in to  w ater. (The o i l y  r e s id u e  ob ta in ed  here  
proved  to  be su lphur m .p. = 1l 6° ) .  A fter  rem oving t h i s  by 
e x tr a c t io n  w ith  e th e r  the aqueous la y e r  was evaporated  to  
d ry n ess . M ethyl a t ion  o f  t h i s  product gave an ex trem ely  poor  
y i e l d  o f  m ethyl 4- m eth oxy to lu en e-5- th io ls u lp h o n a te . ( l . 6 gm s).
(2 )  lOgms o f  sodium 4 -m eth o x y to lu en e-5 -su lp h in a te  
were r e f lu x e d  fo r  se v e r a l days in  a 50% a lco h o l-w a ter  s o lu t io n  
w ith  th e  e q u iv a le n t  amount o f  su lph ur. The a lco h o l was then  
evap ora ted  o f f  and th e  s o lu t io n  f i l t e r e d  fr e e  from su lp h u r. 
Y ie ld  = 7G% t h e o r e t i c a l .
METHYL 4-METHOXYTOLUENE- 3-THI0LSULPH0NATJS
The e q u iv a le n t  amount o f  n e u tr a lis e d  m ethyl su lp h ate  was 
added to  an aqueous s o lu t io n  o f  the sodium s a l t  and the whole 
shaken fo r  about 2 h ou rs. Care was taken to  see  th a t the  
s o lu t io n  was k ep t ju s t  a lk a l in e .  The s o l id  mass was f i l t e r e d  
o f f  and p r e sse d  f r e e  from any adhering m ethyl su lp h a te . I t  
was re  c r y s t a l l i s e d  from a lc o h o l m.p. = 77 °  • Y ie ld  = JO% 
o f  t h e o r e t i c a l .
ANALYSIS
W eight o f  T it r a t io n  P ercen tage sulphur
su b sta n c e  N Na^CO* Pound R equires
50   ^ ^
8 • 20mgs 7 . 0 6 cc 27.55 27 .59
5 . 02mgs 4 . 290c 27*55
if •methoxytolyl~ 5 -sulphonylmethylthiqagbtone .
i f -m e th o x y to ly l-5-su lp h o n y la ce to n e  (1 m o l.)  and m ethyl 
i f -m e th o x y lto ly l-5- th io ls u lp h o n a te  ( 1.1 m o l.)  were d is s o lv e d  in  
a lc o h o l and sodium carbonate (£  m o l.)  added. T his m ixture was 
r e f lu x e d  on th e  w aterbath  u n t i l  the sodium carbonate had d is ­
s o lv e d . The a lc o h o l was th en  d i s t i l l e d  o f f  and th e  r es id u e  
c o o le d  in  i c e .  I c e  was th en  added to  th e  res id u e  and a ls o  the  
t h e o r e t i c a l  q u a n tity  o f  c a u s t ic  soda n ecessa ry  to  d is s o lv e  
th e  p r o d u c t . T h is  s o lu t io n  was washed w ith  e th e r  to  remove 
any h y d ro ly sed  product e t c . ,a n d  th e  f i n a l  product p r e c ip ita te d  
w ith  a c e t i c  a c id  and e x tr a c te d  w ith  e th e r . R e c r y s ta l l is e d
from a lc o h o l  M .Pt. * 11lfi°C . Y ie ld  = o f  t h e o r e t ic a l .  
ANALYSIS.
W eight o f  T it r a t io n  P ercentage Sulphur
N
50
S u bstance  NagCOj Pound T h eo r e tica l
if.00  m.gms. 2 .7 9  cc 22 .J 2 22 .22
5*21 m.gms. 5 *5& cc 21 .99
ii-METHOXYTOLYL- V-SULPHONYLMETHYLTHIOMETHANE.
if -m e th o x y to ly l-5-su lp h o n y lm eth y lth io a ceto n e  was warmed fo r  
20 m in u tes on th e  w ater b ath  in  sodium carbonate s o lu t io n  and 
th e  r e s u l t a n t  prod u ct r e c r y s t a l l i s e d  from water M .Pt. a 88°C. 
The y i e l d  was t h e o r e t i c a l .
m a l y s i s
W eight o f  T it r a t io n  P ercentage Sulphur
S u bstance N NagCOj Pound R equires
4 . 9 8   ^ if. 08 26.22  26.02
W 4 -  3*9* 25*91
If-METHOXYTOLYL- VSULPHONAMIDB ^ ) .
P.TOLYL SULPHONAMIDS ( 45* ) .
p.TOLYLSULPHONYL ACETONE ( jj(  ) t
p . to ly lsu lp h o n y lm e th y lth io a q sto n e  ( 4 7 ) .
j^TOLYLSULPHONYLMETHYLTHIOMETHANE ( t f )
The above compounds were prepared a ccord in g  to  the r e f e r ­
en ces  and found to  a g r ee .
I t  was found r e l a t iv e l y  easy  to  sep arate  pure if-m ethoxy- 
t o l y l - 3-su lphonam ide ( l e a s t  s o lu b le  p o r t io n )  from a m ixture o f  
th e  m eth o x y to ly l and p . t o l y l  sulphonam ides b u t i t  m  extrem ely  
d i f f i c u l t  t o  e x tr a c t  pure t o l y l  from an aqueous s o lu t io n .
A lc o h o lic  s o lu t io n  proved an u n s a t is fa c to r y  medium fo r  
e i t h e r  se p a r a t io n .P o r  th e  purpose o f  e s t im a tio n  (page7?) w ater  
was u sed  a s  s o lv e n t .
P , TOLYLSULPHONYLACBTONE WITH EXCESS METHYL ii-MBTHOXYTOLUENE-
5-THIQLSULPHONATE.
1 gm o f  p . t o l y l  su lp h on y l aceton e  and if. if gms o f  the m ethyl 
lf -m eth o x y to lu en e -5- th io ls u lp h o n a te  compound were d is s o lv e d  in  
a lc o h o l and r e f lu x e d  fo r  2 - 3  hours w ith  .2 5  gms o f  sodium  
ca rb o n a te . The a lc o h o l was th en  d i s t i l l e d  o f f  and th e  r es id u e  
was t r e a t e d  w ith  i c e  w ater and 1 .5  cc 10N. Sodium hydroxide,and  
th e  whole shaken w ith  e th e r  (e th e r  9  a lk a l i  in s o lu b le  f r a c t io n )  
The aqueous la y e r  was th en  a c id i f i e d  w ith  a c e t ic  a c id  and 
a g a in  e x tr a c te d  w ith  e th e r  ( a l k a l i  s o lu b le  f r a c t io n ) .
A lk a li  in s o lu b le  f r a c t io n  c o n s is te d  m ainly o f  the e x c e ss
m e th y l-2|jn e th o x y to lu en e-3- th io ls u lp h o n a te .
A lk a li  s o lu b le  fr a c t io n *  The e th er  was evaporated  o f f  
and th e  r e s id u e  d is s o lv e d  in  a lc o h o l.  C r y s ta ls , M.Pt =11if.°C 
were o b ta in e d . Mixed M .Pt. w ith  ^ -m e th o x y to ly l-J -su lp h o n y l-  
m e th y lth io  ace to n e  = 114°C. Y ie ld  s  . 4.5 gm.
4HMBTH0XYT0LYL- 5-SULPH0NYLACET0NE WITH EXCESS METHYL
P.TOLUENE THIOLSULPHONATE*
(1 )  6 . t o  1 w ith  1 m ol. Sodium Carbonate.
1 gm o f  th e  lj.-me thoxy t  o ly  1-  5- su lp h on yl ace t  one compound 
and 5 gms o f  th e  m ethyl p .to lu e n e  th io lsu lp h o n a te  were d i s ­
so lv e d  in  a lc o h o l and .^38 gm o f  carbonate added. T h is was 
r e f lu x e d  f o r  2 hours on th e  w aterbath and then  d i s t i l l e d  a t  
100°C u n t i l  n o th in g  fu r th e r  came o v e r . The r e s id u e  in  the  
f l a s k  was c o o le d  an d , a f t e r  th e  a d d it io n  o f  i c e  w ater^ trea ted  
w ith  5 ec  o f  10N c a u s t ic  soda and e th e r  (F ra c tio n  1 ) .  Carbon 
d io x id e  was th en  p a ssed  in  to  d r iv e  out th e  d is s o lv e d  e th er  
and th e  p rod u ct was p r e c ip it a t e d  in  i c e  c o ld  s o lu t io n  w ith  the  
c a lc u la t e d  q u a n t ity  o f  a c e t ic  a c id . The p r e c ip it a t e  tended  
to  be o i l y  and was sep a ra ted  by means o f  e x tr a c t io n  w ith  e th er  
(F r a c t io n  2 ) .
F r a c t io n  1 co n ta in ed  a l i t t l e  o f the h yd ro lysed  p . t o l y l v  
su lp h o n y lm eth y lth io a c e to n e  and e x c e ss  th io lsu lp h o n a te .
F r a c t io n  2 gave ju s t  over kO% y ie ld  o f p .to ly ls u lp h o n y l­
m eth y lth io a c e to n e  M .P .t . «  8 2 /
See t a b le d  r e s u l t s  (page 7  ? )
2 . 5 to  1 w ith  % m ol. Sodium Carbonate,
T h is experim ent was rep ea ted  e x a c t ly  as above w ith  the
q u a n tity  d i f f e r e n c e s  noted  in  th e  su b -h ead in g . The t o l y l  
exchange product was ob ta in ed  in  60$  y i e l d .
ij.-CHLOROPHMYLSULPHOMYLAGETONB AND METHYL k-METHOXYTOLUENE-
5-THI0LS0LPH0NATE.
A ttem pts to  carry  out a n a ly ses  w ith  eq u im olecu lar  pro­
p o r t io n s  o f  m eth y l-if-m eth oxy to lu en e-5- th io lsu lp h o n a te  and i*.- 
c h l or ophenyl su lp h on y l aceton e  on th e  same b a s is  were u n s a t is ­
fa c to r y  owing to  the f a c t  th a t if-m e th o x y to ly l-5-su lp h o n y l-  
a ceto n e  was s o lu b le  in  sodium carbonate s o lt i t io n  and th e r e fo r e  
contam inated  th e  exchange p ro d u cts . C onsequently th e  product 
i s o l a t e d  was an o i l  and a n a ly s is  would b e  o f  l i t t l e  v a lu e .
4-CHLOROPHENYLSULPHONYLACETONE AND METHYL P.TOLUENE-
THIQLSULPHONATE.
EXPERIMENT 1 .
• 25 gms o f  if-ch lorop h en y lsu lp h on y laceton e  were r e flu x e d  
in  20 cc a lc o h o l w ith  .2 0  gms m ethyl p .to lu e n e th io lsu lp h o n a te  
and .0 5 3  sodium carbonate fo r  one hour. The a lco h o l was 
th e n  evap ora ted  o f f  and th e  res id u e  e x tr a c te d  w ith  e th er  and 
w a te r . These f r a c t io n s  were thorough ly  washed w ith  sm all 
q u a n t i t ie s  o f  w ater and e th e r  r e s p e c t iv e ly .
Aqueous s o lu t io n .  T his was warmed and a l i t t l e  a ir  drawn 
through th e  h o t s o lt t t io n  in  order t o  remove th e  l a s t  tr a c e s  o f  
e th e r .  I t  was th e n  t i t r a t e d ,  in  th e  c o ld , in  a weak su lp h u ric  
a c id  s o lu t io n ,  w ith  N perm anganate. Required 15*75 cc £  s
To 10
t h e o r e t i c a l ,  assum ing th e  r e a c t io n  gave pure sodium su lp h in a te , 
= 20 c c .  N •
To
E th e r ea l s o lu t io n .  T h is f r a c t io n  was d r ied  w ith  sodium
s u lp h a te , evap orated  to  d ryn ess , and f i n a l l y  h e a ted  in  vacutlu 
(w ater  pump) a t  5C°C fo r  about if hou rs: b e fo r e  b e in g  a n a ly sed . 
On com bustion th e  product l e f t  a s l i g h t  r e s id u e  e q u iv a le n t  to  
>1fS by w e ig h t.
ANALYSIS.
W eight o f  N AgNO* N Na2C0z % C h lorin e  % Sulphur
su b stan ce  71 '  50 ?
t i t r a t i o n t i t r a t i o n Pound Pound
7«08mgms 1 .3 5  cc 5 .7 5  cc 9*5 21 *7
7 *21mgms 1.38  cc 5*78 cc 9 .6 2 1 0
N oth ing cou ld  be d er iv ed  from th e se  r e s u l t s  because o f  the  
number o f  v a r ia b le  p o s s i b i l i t i e s  in  th e  an a lysed  r e s id u e . e g .  
s u lp h in ic  a c id , if-ch lorop h en y lsu lp h on y laceton e  and the h yd ro l­
y se d  and u n h yd ro lysed  s u b s t i t u t io n  p ro d u cts . I t  was proposed  
to  e l im in a te  h y d r o ly s is  as fa r  as p o s s ib le  by s u b s t i tu t in g  po­
ta ss iu m  a c e ta te  fo r  sodium carbonate and red u cin g  h e a tin g  to  a 
minimum.
EXPERIMENT 2 .
E q uim olecu lar q u a n t i t ie s  o f  if-ch lorop h en y lsu lp h on y laceton e  
( . 2 3  gm), m ethyl p . to lu e n e  th io lsu lp h o n a te  and potassium  a c e ta te  
were d is s o lv e d  in  c o ld  a lc o h o l,  th e  t o t a l  bu lk  o f  s o lu t io n  be­
in g  ifO c c .  T h is  was a llow ed  to  stan d  ov ern ig h t a t ordinary  
tem p era tu res . P o r t io n s  were then  t e s t e d ,  to  se e  i f  the t h i o l ­
su lp h o n a te  had been  exh au sted ,b y  d is s o lv in g  as much as p o s s ib le  
i r  sodium  h yd rox id e  s o lu t io n .  I t  was found n ecessa ry  to  h ea t  
the s o lu t io n  to  b o i l in g  b e fo r e  p roceed in g  w ith  th e  evap ora tion
o f  th e  a lc o h o l .  The fo llo w in g  method was employed u s in g  3 /5
o f  th e  o r ig in a l  so lu tio n *  A fte r  th e  a lc o h o l had been  removed 
at th e  pump th e  r e s id u e  was d is s o lv e d  in  5 cc N. sodium hydro­
x id e  s o lu t io n  f i l t e r e d  and th e  f i l t r a t e  run d ir e c t ly  in to
a s o lu t io n  o f  a c e t i c  a c id  e x a c t ly  e q u iv a le n t  to  th e  amount 
o f  sodium hyd roxid e added. T h is was then  e x tr a c te d  w ith  e th e r  
and th e  p r o c e ss  f in is h e d  as in  experim ent 1 .
Aqueous s o lu t io n .  The amount o f  N KMnO, req u ired  b 18
To 4
cc w h ile  fo r  3 /5  s o lu t io n ,  t h e o r e t ic a l  = 12 c c .
E th e r e a l S o lu t io n .
ANALYSIS.
Weight o f  N AgNO N NaCO* % C h lorine % Sulphur
su b sta n ce  71 *5°  X
T itr a t io n  T itr a t io n  Pound Pound
2.01  cc  if*58 cc




1 7 . 3
The e x c e s s iv e  permanganate t i t r a t i o n  m ight be accounted  
fo r  by th e  f a c t  th a t  th e  s u lp h in ic  a c id  was fo r  dome reason
in ca p a b le  o f  l ib e r a t in g  s u f f i c i e n t  a c e t ic  a c id  from the p o t­
assium  acet& te to  l ib e r a t e  a l l  th e  s u b s t i t u t io n  p rod u ct. Some
o f  th e  l a t t e r  was th u s r e ta in e d  in  the aqueous s o lu t io n .
EXPERIMENT 3 .
T h is tim e th e  m ix tu re , d is s o lv e d  in  about 20 cc o f  c o ld  
a lc o h o l ,  was a llo w ed  to  s-taid  fo r  if days b e fo r e  th e  a lc o h o l  
was tak en  o f f  below  30°C a t th e  w ater pump. The r e s id u e  was 
th en  tr e a te d  w ith  a standard q u a n tity  o f  sodium carbonate  
s o lu t io n  and e x tr a c te d  w ith  e th e r .  The s u b s t i t u t io n  product
d is s o lv e d  in  th e  aqueous carb onate s o lu t io n  bu t th e  h yd ro ly sed
and unchanged p ro d u cts  rem ained in  the e th e r e a l  s o lu t io n .  The 
e th e r  was e x tr a c te d  w ith  c a u s t ic  soda which took out th e  un­
chan ged 4-ch lorop h en y lp rod u ct and t h i s  was p r e c ip i t a t e d  by car­
bon d io x id e*  The s u b s t itu t io n  product was h y d ro ly sed  , b e fo r e  
a n a ly s is ,  by b o i l in g  w ith  sodium carbonate on the w aterbath  fo r  
JO m in u tes , c o o lin g , f i l t e r i n g  o f f  as much as p o s s ib le  and ex ­
t r a c t in g  th e  rem ainder w ith  eth er*
H ydrolysed product = .11 gm*
T h is r ep r e se n te d  the most com plete method o f  se p a r a t io n .  
In v iew  o f  th e  f a c t  th a t th e  t o t a l  y i e ld  was n ot s a t i s f a c t o r y  
on p r e v io u s  o c c a s io n  th e  b u lk  o f  the o r ig in a l  s o lu t io n  was 
reduced  to  J cc and kep t p r o p o r t io n a te ly  sm a ll throughout*
The d i s t i l l a t e  was c o l le c t e d  in  an ic e  c o o led  r e c e iv e r .  
T h is proved  t o  c o n ta in  p r a c t i c a l ly  pure a lco h o l w ith  on ly  th e  
very  s l i g h t e s t  tr a c e  o f  m ethyl mercaptan*











The above experim ent was r ep ea ted  t w ic e .  On each o f  th e  
th r ee  o c c a s io n s  .1 5  gm o f  h y d ro ly sed  prod u ct was accou n ted  fo r  
T h is meant an approxim ate y i e l d  o f  o f  t h e o r e t i c a l .
ANALYSES.
Sub s ta n c e  Wei ght
u sed
Experim ent 1 •
P roduct A 6.71
Product B 
P roduct C 5 . 8O
Experim ent 2 .
Product A 6 .1 2
Product B 6 •$£
P roduct 0 5*^8
E xperim ent 5 .
Combined 6 11.
P rod u cts
A, B & 0
T itr a t io n  P ercen tage  C h lorin e  
N AgNOx Pound
71 *
.9 5  7 .1
1.01 7 .0

























































f to  © o s















£ d £© *H *H










© d t> © 















£ d -h oH ©








© © d f tp  H © £ 
CMp o ©8 -h
ft p 





























© ft4^ O ©
is;




• h  m  ©  
p p £ ft © H P ©  
O *H £  










































H  CM 
©00 43 I <H 
©00 © *-N ffl ft
£o
d
P >• © 









© o  £ O ftO © © ft S  d  O 53
CM



























©§ © -uoun-cos ptob iCx^Sxis
© 0 ux *Tn9.ff Aa oaaB a id i  00.1,1
i  ( ^ )  9& ^ (3oea)
03 6o* ® !mST®A
£ S&
©
t 0®»2 -£q. psq- q.-pdTooad
g ©
O Hu 3  5s* = 0&i = 8wes o s i
x m *  psxiK  0££ = ( spnjo )© <£ d
3* S *  -W H -P T IO .
CO H
EH rH ^  •* £
bO © o £  £ ©  O •  J O t f t O  p U B  I 0 t [0 0 t B
0 £ ® £ 5  potfSBA Oq.Bq.fdfOBJd
© O h  O °  <  -P9PP« ^109,2 *PT09
2  iCiaiiSTTs ©pBffi u o u n x o e
H rj ' P g j p  pu* JJO • dBA9 aoifta
£  © I £  f t  ££ £ •• P H
& 5 3  S -Flag'S So* =
5  3 5  © 0 . 3 ®  0°8  = 8H8e H0^08I,
s  S o  14 PSXTW =
S £  3  3 2 5 5  5  • i d ’ ir p e s T im s & io  pun
© 2 <a x w lonoo-ps ut p sA ioesxa












d  d 1• P  0 r> d d3  bo K 0 rH
0 °  s O rH P H  0 rHr> &  2 >s 0 S  H >4
0
P a  p ■p »d H  t> rH rH© o  o 0  P O O O o> CQ °  3 a  p +9 0 +9 ^ +>o P P p o 0 LTNO H H ^ d  P d  CO d  d0 P
0
> i d © & d 0 0 © H
Pi H  0 0  O 0 0  d 0  d 0  0
0 o 0 O Pi >» o  P >» H >4 P £>4 *rtP •H Pi -P 0 rH 0 rH P H  P H  >»-P 0 O rH > O O O O o
P
$ 8
P  >* o P  Pi P  Pi P  PPi 0 d  rH O d  a d  a d  o
o > O  © O 0  
P - P  P
>4 o >4 O





<?H 0 0 0 ^ * \ 0 ^ - x
o d  o -p  rH ■P +9 rH +9 ,-J
0 © P rH a  0  O a  0 a  ® o 6  0  0
« •rH 0 d  0 •H P  P  S p  p p  p  a p  p  a
o P o d  p S3 •H O •H O •H O •H O 
d  p  t -
8 &
0 <1 0 d  P H w d  P P  P H wCO Pi p O p v -x O P O P  v—" o  P —
0 o -P P CO 0 CO 0 CO 0 CO 0
w  s 0 O o O 0






O ps -P Pi
CO
P i P •§>
0  O
0  44 o o
o *H O p T- 00 CM *r- KN
•rl rH •H Q , 10 0 0 CQ 0
P 0 P  0 «  P K P X  P «  P H  P
«* •H 0 P  P P  P p  p P  P P  P
0 d  P rH O rH O rH O H  O H  O
0 0 P P P P $H P P U  P
S3 ■P -P O ^ 0 0 0 0 0








0 P 0 rH H  O H t—(
+ K •H P  d p H  O > > P o o
0 Pi 0  0 o > » P  
P  O
P  o rH p H  P
0 i> 0 p -P O ^ 8
>4 o
K \ rH -P rH P 0 P  o © rH
a  ®
P  o
P 0 0 O o 0  rH +9 rH 0  0 43o Pi 0 CO 0 s  ® 0  0
o 0o t> £3 K \0 0 0 ,
«  S 0 0
O  CO p P p 0 00 +3 0 0
CM 0 •H N p p ^ -X cJ ^
o 0 ► 0 P ^ Q) r—x rH 0  0 0  0
CO •H P © rH P  H O N H N H
P i P. d 0  d P  o 0  o +> P  o P  o
0 0 P  0 o  a p  a rH © a 0  ad •H 0 p rH >» *2 _L •2  j .
E p P  P O 4 O t - K o  ^ O 4H 0 Pi rH -p O P v ^ p  '
0 a rH P P o o
P o Pi +> d rH
0 0 CO •H 0 *£ •2rH 0 d a o ©
'S
0






P rH rH rH rH


















































) Ho ^  
P H  
p , o



































. ss I Pi ■4" Pi * Pi Pi
H  O ' d r l d  © d>j ft 0 P 0  0 •H O
rH O P  0 bO O O >» &O rH 0  0 d  0 0 0P  P  f t  *H 0 p
O 0 H P ^ 0 0 O E-4p d  1 p ,H o * £ d  
d o  0
bO to •H
H 0  - 4  0  0 a d
d 0  0  P P M D 0 0 •H •
0
©
>> 0  « 0  











O 0  > * f t rH H  O « X rH d 0f t  ft Pi o P  >5 f t 0 0 d o >d p © 0  H  •d 0 p ♦H
>» P  >» o  o  s o o 0 P









0 0 © P 0O pr~x p  <-X ✓—x. * X /-X d P ft
d  § S 0  H g  0  H H rH iH •rl rH
0  0 d  d  o 3  d  o O r r o  K>«0 0 >> 0
d  +5 H O  g h o  a «  a o  a o  a d P d
d  ffl d  p d  p O o  o P o
<  p O f t HW O ft x-(csj 0  *-{N M - i -  CSHn 0 0 *H
CQ ------- CQ 0 w 0 v ^  ff lx y rH a p
0 o O 55 & 0 d





d 0 0 o
0  O >* 0 ft f t p O
pi *h VP ft f t f t d f t
i-J
•H
O P 0 d  0 P 0  P  0 0 P
•H O 0 d  P  >a
1 *
d  0  >> P d 0
p  0 K ft •H 0  0 •rj f t 0 P 0 O
•H 0 d  d d  f t  d 0  -H d  © d H 0
d  f t H  O ft 0 p  d ft f t i»
dPi ^  p O f t  4* 0  f t O g K \ O rHo u 0 a 0 0 O §o  o « 0 {> P 0 P 0p o bO •










p 0 P H
Pi d rH rH 0
0  0 rH O rH O ft f t d
>  0 > i P >iP 0 0 •H d d














0 0 0 0 0 rH ft
d d d d d P ©
0 0 © © 0 O &-p N-'-x N^ —x 0  0 a • a
0 d  0 d  0 d  0 d  h ft ©
Pi d © H 0  rH © H 0 o £ u p•H 0 p  O p  O P  o p  a ft
SP  0 O 0 O 0 O 0 o o >*a  d ft & . ft , ft -4* brH o 4- O 4* O 4* o 0 p COiHd rH H x > rH d







ft ft ft ft 0P | o d©




rH rH rH rH & 0 Pd p0o
& & & & H 0 o dp

















f t  rH
3 §
f t  fH
3 g










P  0  
























3p ; P P P P s 0 K0s ft i
i *  1
ft | ft ft •H P 0
In c o n c lu s io n  may I  take t h i s  op p ortu n ity  o f  conveyin g  my 
s in c e r e s t  thanks and d eep est a p p re c ia tio n  to  my c h ie f ,  P r o f .  
G. G. H enderson F .R .S . and to  my su p erv iso r  Dr. D. T. Gibson  
fo r  t h e i r  encouragem ent and many h e lp fu l  s u g g e s t io n s .
I d e s ir e  a ls o  to  e x p r ess  my thanks to  the Robert Donaldson  
T r u ste e s  to  whom I  am in d eb ted  fo r  a S ch o larsh ip  (1952-55)*
H olm lea,
Wishaw.





L ite r a tu r e ^
1 . O tto Annalen 1894 , 285 , 183.
2 . O tto Annalen 1894, 283 , fo o tn o te  19 9 , 201 .
5 . T roeger & Artmann J . pr Chem. 1896, 55 , 4 9 5 .
4 . G ibson J .C .S . 19J1, 2641
5 . S h r in er , Struck & J o r iso n  J .A .C .S . 1930, 52, 206o.
6 . Baumann Ber 1885* 18, 8 8 5 .
7 . S tu f f e r  Ber 1890, 2J , 1411, 5226 .
8 . Kenyon & P h i l l i p s  J .O .S . 1930, 1677 .
9* Fromm & Palma Ber 1906, 59> 5508*
10. H ild it c h  J .C .S . 1910, 9 7 , 258O.
11 . P osn er Ber 1905* 5^* 6i|-6 .
12 . Ruhemann J .C .S . 19°5» 18#
19 O tto  & Damkohler J .f u r  Pharm. Chem. 1884, 5 0 , 171* 321.
1 if- V iehock Ber 1932, &5» 5®^*
15* Baumann Ber 1886, 19, 2804*
16 . O tto & Troger Ber 1892, 2 5 , Jif29«
17* R eferen ce  15 page 2806.
2 2 . P h i l l i p s  J .C .S . 1925, 127, 2569 .
2 5 . H ild it c h  & S m ile s  Ber 1908, 4 1 , 4114*
H ild it c h  J .C .S . 1910, 97* 2595 
O tto J .p r .  Chem. 1884, (2 )  JO, 177*
Braun & K a iser  Ber 1923* 5^» 555•
Whalen & Jones J .A .C .S . 1925, 1555*
2 4 . F ru h lin g j 5> *>97*
2 5 . K a lle  Annalen 119, 1^2
Rosenheim & S in g er  Ber 19°^» 37» 2154.
2 6 . Meyer J .p r .  Ghem. 1901, (2 )  63 , 170.
2 7 . P erk in  J .C .S . 18 8 7 , 51 , 13 .
2 9 . O tto & R o ssin g  J .p r .  Chem. 1893, (2 )  4 7 , 165.
J .p r .  Chem. 1898, (2 )  58 , 189.
30 . Fagans & Frankeriburger Z. p h y sik  Chem. 1923, 105, 225 .
31 . Mohr Annalen 1856, 97 , 335 .
3 2 . R esan off & H i l l  J .A .C .S . 29, 269.
D rech sel Z. a n a l. Chem. 1877, 16, 351.
3 3 . Viebock Ber 1932, 65 , 4 9 7 .
34* F ajans & H a sse l Z .E lektrochem . 1 923 , 29 , 4 9 5 .
P ajans & W olf Z anorg. a llg em . Ghem. 1924, 137, 221.
35* K uster Z. anorg. Chem. 1897, 134.
3 6 . K o lth o ff  Z. anorg. a llg em . Chem. 1921, 100, 156.
37* Simpson Ind . Eng. Chem. 1924, l 6 > 7°9»
3 8 . G ib lin  A n alyst 1933, 58> 752*
39* F r ie d r ic h  Mikrochemie P re g l -  F e s t s c h r if t  p . 91- 102, 1929*
4 0 . F ajans & H a sse l Z. E le c tr o  chem. 1923» 29, 495*
P ie t e r s  Chem. Weekblad 19^9> 26 ,
B erry & Durrant A n alyst 195°, 55 > ^13*
41* K o lth o f f , Laner & Sande J .A .C .S . 1929» 51 * 5273•
4 2 . S tew art J .C .S . 1922, 121, 2558.
4 3 . H ild it c h  J .C .S . 1910, 97 , 1098.
44  & 45 O tto Annalen 1867, W ,  575*
4 6 , 4 7 , & 4 8 . G ibson J .C .S . 1932 » 1819.
4 9 . Thomas J .C .S .  1909> 95> 5^2.
r6 V olhard */nr.alen 18/ 8 , 24 > 190
11 G ibson & S m iles  J , 0 . S .  1923> 123? 2390*

